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EXECUTIVE SUMMARY

This technical report describes a software prototype that demonsiraies a
concept and a method for integrating, into a unitary and comprehensive medical
advisory and training software package, predictive models of soldier responses to
altitude, heat, and cold stresses and on-line medical handbooks. The title of this
software prototype is FLDMED representing the concept of a field medicine decision,
reference, and training aid. In this version of FLDMED, the altitude module employs a
University of Vermont hypoxia model, the:heat strain module utilizes the HSARIEM
Heat Strain Model, and the cold module has an interface desighed to accommodate the
USARIEM lumped-parameter cold digit model. The front-end FLDMED module and the
associated altitude, cold, and heat submodules utilize comon formats for popur menus,
graphics, and various input-output features. Output data can be viewed from within the
program in altemative formats such as charts, data grids, or detailed data listings.

Input and output data can be saved as text files annotated with time-date stamps and
user notes. Alternatively, the data may be saved in delimited fields for subsequent
importation into spreadsheets for more complex analysis. Each functionally distinct
environmental stress module permits the simultaneous definition, calculation, and
analysis of four scenarios. This characteristic facilitates parameter sensitivity analysis.
Operationally oriented military medical manuals for altitude, heat, and cold were also
incorporated into their respective modules. This is the first USARIEM biomedical
modeling product that has included document support as integral on-line components.
The FLDMED concept of a comprehensive and dynamic environmental medicine and
physiology software package can be further developed and customized for a variety of
different military medical support applications. For example, a program such as this
could be modified to provide commanders and unit surgeons with a computer-hased
aid for systematic analysis of a broad range of environmental and opc tional
preventive medicine issues. Such a decision aid would directly suppc.. a commander's
efforts to prevent environmentally related illness and injury across a wide range of
potential deployment scenarios involving combinations of heat, cold, and altitude
stresses. To enhance the utility for medical training, other versions could incorporate
tutorial submodules. This type of integrated and comprehensive environmenta! and
operational military medical software product could also be customized for
computer-based training at locations such as the Army Medical Department's Center
and School or the Uniformed Services Health Sciences Center.
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INTRODUCTION

Amy field medical officers and other medical personnel do not currently have an
operationally oriented computer-ba. -d medical reference resource or decision aid to
assist them in planning medical support for preventing environmental stress casualties
and performance degradations among soldiers and units during deployments. The
developmant of such-a-software tool vould allow medical plannérs at brigade and
division levels to predict and analyze soldier responses to exposures to the broad
range of adverse environmental scenarios inherent in the alternative mission plans that
staffs present to combat and combat support commancders (see Reardon, 1990 for an
example of brigade level medical operations and health care issues in a hot desert
environment).

The title of the computer program presented in this report is FLOMED which
represents the notion of field medicine. This program is a concept demonstration
protctype that ties together previously developed models and documents. The intent of
this prototype was to demonstraie the technical feasibility of developing a
comprehensive software tool to assist field medical personnel in identifying the
important determinants of environmental stresses for a broad range of altemative
deployment or training scenarios. Such planning and assessment software would
facilitate the development of comprehensive, efficient, and cperationally focused
preventive medicine plans and countermeasures. This type of software-tased analysis
and advisory tool is expected to enable a field medical officer to distinguish and
prioritize the wide spectrum of environmental threats lurking within the given range of
mission options developed by staffs to present to commandess.

A program such as FLDMED would enhance the capabilities of field surgeons
and staff medicine officers to make comprehensive evaluations of the environmental
threats, yet provide focused environmental preventive medicine advice supporting
command and staff deployment plans . it would also increase the likelihood that field
medical officers will systematically consider all relevant stresses in a timely manner,
thereby leading fo effective, comprehensive, and efficient approaches to minimizing
adverse effects of harsh environments.

The FLDMED program draws upon previously developed predictive models of
the physiologic and medical consequences of the stresses of hypoxic, cold, and hot

2
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environments. In order to orient the reader to the sources from which the FLDMED
modules were drawn, as well as the scope of biomedical modeling and simulation
products developed at USARIEM, concise reviews of some of these environmental
physiology and medicine models are provided in the following section. Figure 1isa
schematic that depicts the relationship of FLDMED to extant USARIEM models and
applications. To skip the following background section and continue with the-
description of FLDMED, the reader may tum to page 19.

BACKGROUND: OVERVIEW OF USARIEM MGDELS AND THEIR °
APPLICATIONS

The development of a well-validated heat strain algorithm has been the principal
focus of USARIEM's biomedical modeling efforts over the past two decades. This was
primarily driven by requirements to analyze and provide solutions for health and
performance concerms related to heat stress incurred by soldiers conducting military
operations in such diverse locations as: the hot humid jungles of Vietnam in the 1960s
and early 1970s, the semitropics of Grenada in the early 1980s, the hot desert of the
Middle East (Desert Shield/Storm) in the early 1990s, other hot climactic regions such
as Somalia, Cuba, and Haiti in the mid 1990s, and the military training areas of the
South and Southwest in the United States.

The principal uses of the USARIEM Heat Strain Algorithm at USARIEM have
been for the derivation of activity modification and water ingestion guidance for
inclusion into military training and operational field manuals and thermal health hazard
analyses for soldiers interacting with developmental military systems undergoing testing
in thermally stressful environments. As will be discussed in following sections, the
USARIEM Heat Strain Algorithm has also been incorporated into a variety of
soldier-oriented environmental stress monitors, a tactical meteorologic system, and a
number of different wargaming simulation software systems.

Figure 1 is a schematic that depicts physiologic response models for harsh
environments and the derivative applications and products developed at USARIEM.
The USARIEM Heat Strain Mode!, a3 well as other USARIEM models for predicting the
adverse consequencas of exposure to harsh environments are described in more detail
in the following subsections.

w
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USARIEM HEAT STRAIN MODELS

The algorithm for what has become known as the USARIEM Heat Strain Model
was constructed by interlinking a series of related predictive physiologic response
formulas, initially published in 1972 and 1973 by Givoni and Goldman, into a unified
algorithm (Berlin, Stroschein, and Goldman, 1975). USARIEM scientists, Goldman and
Givoni, validated *e equations discussed in their papers. Subsequent publications
(Pe:idolf, et al.,1986; McNally, et al., 1990) presented validation results that
demonstrated ihe generally excellent performance of the USARIEM Heat Strain
Algorithm frr acc. ately predicting the physiologic strain assoc:ated with a wide variety
of heat stress sce::arios. *r

Since the initial development of the USARIEM Heat Strain Modei, siightiy
different software implementations have been developed for use in specific
applications. Initial saftware implementations were programmed in FORTRAN. These
predictive heat strain programs typically limited output to tabular data and
character-hased graphs for core temperature and heart rate as functions of time.
inputs to the programs could specify a wide variety of possible hot weather military
scenarios. Since much of this initial software development occurred prior to the
widesoread availability of deskiop or portable computers, these programs were not
widely distributed. They were primarily utilized within USARIEM as simulation and
prediction tonis for health hazard analysis of thermal stress associated with research
studies of soldier interactions with new equipment or systems and NBC protective gear
in hot weather environments. Updated versions of the USARIEM Heat Strain Model
co: tinue to he used for this purpose as illustrated in the following excerpt from a recent
USARIEM research study protocol:

individual exposure will be terminated if the rectal
temperature rises more than 0.6°C per 5 minutes of exposure or
rises above 39.2°C or if a volunteer exceeds 80% of her
maximum predncted heart rate defined as 220 - age (in years) for
a pericd of five minut

The USARIEM Heat Strain Mode! predicis that
unacclimated, sedentary volunteers wearing approximately
MOPP 1 and exposed to the two environmental scenarios as
proposed in this study qualify for Category 1. "No Limit"
designation. Consequently medical coverage will consist of the
fong-range, on-call option (Endrusick and Gonzalez, 1994).
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An innovative adaptation of the USARIEM Heat Strain Algorithm was proposed
in the mid-1980s in order to directly extend the benefits of its predictive capabilities to
members of small military units (e.g., Special Forces and Rangers) deployed or training
in hot weather environments. This concept resulted in a design that embedded the
USARIEM Heat Strain Algorithm into a customized Hewlett Packard (HP) hand-held
calculator (Pandolf et al., 1986). The ensuing product, a hand-held, lightweight, heat
strain calculator, was a technical success. The soldier-oriented heat strain calculator
was capable of displaying recommendations for work-rest cycles, hourly water
consumption, and maximum single-shot work times. Such readily available quantitative
advisory information was meant to supplant the typically inaccurate subjective
estimations of safe work-rest cycles and water requirements, as .vell as obviate the
undesirable practice of relying on the appearance of overt sensations of excessive heat
stress, definite thirst, and symptoms of impending heat injury as indications that heat
stress and dehydration safety limits were being exceeded.

Developmental prototypes of the heat strain calculator successfully completed
technical and operational testing. Although this device was not fielded, the concept
and technical feasibility were verified Further efforts, therefore, were directed toward
improving and refining the design. Design reevaluations identified that adding
reduced-size meteorologic sensors to give the heat strain calculator a capability for
capturing site-specific environmental conditions would be a practical and significant
enhancement. Since the heat strain calculator did not have integrated weather
sensors, users either had to obtain ambient temperature, humidity, wind speed, and
radiant heat load from units (at possibly distant locations) monitoring the wet-bulb and
globe temperatures (WBGT) or entered estimated values by selecting, from a scrolling
menu, the applicable v 2ather category (e.g., hot-dry, hot-wet. emperate, or jungle
[each of these categories were associated with a set of defa'..t environmental
parameter values in a look-up table that was incorporated into the heat stress calculator
software}).

A new microprocessor-based environmental advisory devise was designed that
incorporated capabilities for real-time local WBGT monitoring. With this developmental
effort the heat strain calculator was successfully superseded by a more capable or
“intelligent” heat strain monitor (HSM) with onboard WBGT sensors (see Figure 2 fora
ohotograph of the HSM). Design, developrnent, and test plans for this
second-generation hand-held heat strain monitor were successfully implemented
(Matthew, et al., 1993). HSM prototypes were fabricated by the Southwest Research
Institute (SwRI, San Antonio, Tex.) under contract to USARIEM. As specified in the
design, the prototype devices incorporated a stowable set of miniature weather
sensors. The sensor suite measures and stores the local dry and black globe

6
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temperatures, wind speed, and humidity. The WBGT itself is calculated from this
real-time sensor data by internal subroutine in the embedded software.

The miniature weather sensor suite for the HSM digitai heat strain monitoring
and advisory device directly measures dry bulb and black globe temperatures,
humidity, and wind speed. The raw data from these sensors are captured and provide
the weather related inputs for the embedded algorithms that calculate and display the
corresponding WBGT. These sensor data are also processed by the USARIEM Heat
Strain Aigorithm residing as an executable module in an onboard read-only memory
microchip (ROM)

-

Soldier, uniform, activity, and 2ther scenario-Speciiic tser inputs reguired by the
embedded USARIEM Heat Strain Algorithm: are entered by navigating through a
shallow, easily traversed, hierarchy of input menus presented to the user on the liquid
crystal display (LCD) area on the face of the de.. - Output data are also displayed on
the LCD screen. The HSM calculates and disp. <  variely of tactically useful outputs
such as maximum recommended work-rest cycles. one-shot maximum work time, and
the corresponding hourly potable water intake requirements.

Operational field testing in desert Army training areas and at an Austiatian
oil-refining facility demonstrated that HSM prototypes were rugged and reliable in hot
environments in a representative variety of operational military and civilian settings
{Gonzalez, 1995).

Technical testing of the prototype digital heat stress monitors in the carefully
controlled conditions of the USARIEM environmental simulation chambers further
validated the HSM concept and technical performance (Matthew, et al., 1993). That
testing. however, did identify a few discrepancies in several regions of the validation
envelope which were targeted for subsequent correction. For example, the variance of
wind speed sensor measurements from calibrated chamber wind speed values was
somewhat elevated at higher wind speeds. The advisory outputs for work-rest cycle
times and water ingestion recommendations in some cases deviated from those
provided by a validated PC-based version of the USARIE! Heat Strain Model. This
was atftributed o a possible software bug in the HSM software. The USARIEM project
manager directed the contractor to investigate and corrected these software
performance discrepancies. Additionally. a few hardware modifications were suggested
for improving the HSK's mechanical reliability and eage of use,

Technical testing. therefore, served s purpsss by igading 16 a number of

specific recommendations for improving the accuracy of the HSM sensors and

8
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embedded software. The centract with SwRI was extended to implement these
recommendations.

The HSM was primarily intended for use by small combat and combat support
units. It has also been considered, by some, as a promising candidate for replacing the
analog Wechsler WBGT thermometer systems currently deployed by field preventive
medicine personne!l and medical units. Despite largely successful testing, however, the
digital HSM currently remains classified as a concept demonstration and validation
prototype item. It is anticipated, however, that some type of modified version of the
HSM will be fielded in the future.

Figure 3 depicts a progression of military thermal stress monitoring devices. The
technology of the 1960s and 1970s is represented by the analog Wechsler glass WBGT
thermometer kit (essentially identical to the Stortz Wetbulb/Globe Temperature Kit,

PSG Industries, NSN 6665-00-159-2218). This kit incorporates a plastic sliderule for
the user to determine the WBGT from the component dry, wet, and black bulb
thermometer readings obviating the need for explicit calculations. The sliderule also
provides color-coded thermal stress threat categories for modulating work or training
intensity. The USARIEM HSM, in the center of Figure 3, is representative of the
thermal stress monitoring technology of the early to mid-1990s. The pictures on the
right-hand side of Figure 3 depict examples of the many possible year 2000+
technology alternatives for expanding and incorporating the functionality of USARIEM's
microprocessor-based environmental monitoring devices into advanced individual
soldier systems such as the 21st Century Land Warrior ensemble (Gourley, 1995).

The USARIEM Heat Strain Algorithm has also been embedded in the Integrated
Meteorologic System (IMETS). IMETS is a complex workstation-based weather
intelligence analysis and decision-support product that integrates with the Army's
Tactical Command and Control System (Harris, 1994 and US Air Force, Air Weather
Service, 1993). Initial IMETS prototypes were built in 1993. Testin;, and evaluation of
IMETS prototypes apparently were successful, and the first operational versions of
were scheduled for fielding in 1995 (Figure 4 is a schematic of the IMETS equipment
set). The USARIEM heat strain component for IMETS, however, is currently in the
prototyping and testing stages. Therefore, this capability will be insertea into IMETS as
a software enhancement at a latter date.

The USARIEM heat strain and heat casualty prediction module for IMETS will,
for example, allow units to generate color-coded contours of heat casualty risk as
terrain-map overlays. Such overlays could be in the form of isoprobability contour
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maps for heat casualties or other formats depicting different levels of predicted
heat-related performance degradation, optimal work-rest times, water intake
requirements, etc. This USARIEM contribution to IMETS will assist military planners in
determining the degree of adverse interactions between weather, terrain, and soldiers
along alternative routes for various types of military missions.

The USARIEM Heat Strain Model has also been incorporated into other military
simulation, training, and analysis and decision aid products as a supporting biomedical
component. The Science Applications International Corporation (SAIC), under coniract
to USARIEM, implemented the USARIEM Heat Strain Algorithm as a personal
computer, o workstation-based, tactical decision aid (SAIC, 1993). The resulting 2
program was entitled "Heat Stress Decision Aid" (HSDA). This program was designed
primarily for use by combat unit staff officers and NCO leaders to reduce the likelihood
of dehydration and heat stress casualties among their troops. SAIC software
developers used the FLDMED heat stress module interface described in this report as
a design aid in developing the HSDA interface (SAIC, 1993, Acknowledgments
section).

The USARIEM Heat Strain Algorithm has also been included in combat
simulation software systems designed for command and staff planning and training
support. The USARIEM predictive Heat Strain Algorithm, for example, was
incorporated into the Army Unit Resiliency Analysis model (McNally, Stark, and Ellzy,
1990). Additionally, in collaboration with the U.S. Army’'s School of Chemical Defense
at Fort McClellan, SAIC adapted the USARIEM Heat Strain Algorithm for use as a
component in the Automated Nuclear Biologic And Chemical Information System
(ANBACIS), an NBC effects simulator. The predictive heat stress module embedded in
ANBACIS utilized numeric subroutines programmed in Ada that were developed initially
as part of the HSDA software. The programming language Ada (ANSI, 1983; Saib,
1985; Naiditch, 1995) is currently the DoD's mandated programming language for C°l
systems. The use of Ada as the baseline programming language also facilitated
porting the HEDA's numeric software modules from the PC environment to ANBACIS's
Unix-based workstation environment with minimal changes to the core clements of the
software code.

In addition to the USARIEM Heat Strain Model, whose equations were derived
principally by use of various curve-fitting technigues, USARIEM has developed a more
analytically based multicompartment, predictive heat strain algorithm. This
multicompartment physiologic strain model has two dominant components. The first
component is composed of a system of coupled passive heat flow equations. The
second component provides thermoregulatory feedback control. The system of passive

12
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heat flow equations mathematically describes the dynamics of open-loop heat flow
within and across tissue and vascular compartments as derived from the basic
principles of biophysical heat transfer. The equations and relationships comprising the
control component implement either nonlinear or piece-wise linear physiologically
based thermoregulatory and cardiovascular feedback mechanisms (Kranning 11, 1991).

This multicompartment closed-loop thermoregulatory algorithm simulates the
body as a single cylindrical segment containing six concentric isotropic compartments
(five tissue layers and a central vascular or core compartment). The passive heat
transfer component of this model can be represented in terse matrix notation as a
system of coupled nonhomogeneous first order differential egliations (Appendix C). ~
The active thermoregulatory control components of the model as well as the specific
coefficient values for the various equations largely distinguishes this model from
pravious multi-node thermal strain models (e.g. Stolwijk and Hardy, 1977). The model
has been successfully validated against data subsets from the expanding USARIEM's
database of soldier-oriented heat stress study results (GEO-Centers, 1992). This
analytically derived thermoregulatory model has been implemented at USARIEM as a
BASIC software program entitled SCENARIO,

The SCENARIO lumped-parameter heat strain model as been used within
USARIEM for thermal stress health hazard analyses. It also has been implemented in
C++ and inserted as a thermal response module into the Integrated Unit Simulation
System (1USS). This was accomplished by Simutfation Technologies, Inc. (Dayton, OH)
under a software development contract (1993). Figure 5 illustrates a representative
computer screen display from the IUSS simulation program which provides an example
of the type of outputs provided by the embedded USARIEM SCENARIO heat strain
model.

The SCENARIO thermoregulatory mode! can generate dynamic temperature
profiles for each of the six simulated tissue compartments. In contrast, the USARIEM
Heat Strain Model, equivalent in many respects to a one-segment, one-compartment
moiphologic abstraction of the human body, generates a single, time-dependent,
predictive, core temperature profile. Another advantage of USARIEM's SCENARIO
model over the USARIEM Heat Strain Model is that SCENARIO has greater capability
for simulating cardiovascular and bloodflow responses to heat stress. Although both
the USARIEM Heat Strain Model and SCENARIO can simulate changes in heart rate,
SCENARIO can also simulate changes in cardiac output, and intercomparimental
bloodflow redistribution as functions of time. The cardiovascular responses for both
models, nhowever, have not yet been as extensively validated as the core temperature
prediction capabilities.

13
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USARIEM COLD EXPOSURE MCDELS

Recently (15 Feb. 95), four U.S. Army Ranger ¢andidates perished from
complications of generalized hypothermia secondary to prolonged immersion. This
occurred during the swamp phase of the US Army Ranger training cycle conducted
within the Eglin Air Force Base area in Florida. Although accident investigations are
still in progress, unofficial initial reports (e.g., Walker, 1995 a and b) indicated that the
hypothermia fatalities occurred after about six continuous hours of partial to complete
immersion. Investigators' estimates of air and water temperatures have been 65°F and
52°F, respectively.

In order to provide a predictive immersion tolerance decision aid to fieid and
training units for the purpose of preventing incidents similar to that recently incurred by
the Rangers, USARIEM leaders have oriented cold water immersion modeling efforts to
support the development and prototyping of a pocket-sized water temperature
monitoring and tolerance time advisory device. This device is likely to have similar
physical and interface characteristics as the digital heat stress monitor (HSM) described
above. A possible expedient design option is the addition of a water temperature probe
and insertion of the USARIEM cold immersion model into the HSM. Such a device
would then be given a more inclusive product label reflecting its expanded utility for a
broader range of environmental stress scenarios.

For this effort, USARIEM has been abie to build upon an immersion hypothermia
model previously developed at USARIEM by Tikuisis, Gonzalez, and Pandolf (1987 and
1988). This mathematically oriented mode! (USARIEM Water Immersion Model)
simulates the effects of cold immersion with a multisegment. six-compartment (five
tissue compartments and one central blood compartment) morphologic abstraction of
the human body. It is @ lumped parameter model with the passive heat distribution
component representable as a series of nonhomogeneous, coupled, first order
differential equations. As witn the multicompartment heat strain model, these
relationships can be tersely summatrized with the use of matrix and vector notation.

The performance of the USARIEM lumped-parameter Water immersion Model
has been validated for water temperatures of 20°C (68°F) and 28°C (82.4°F). Further
efforts are being directed toward extending the range of this model's validated
performance envelope for cool to cold water temperatures. An additional enhancement
is planned for this immersion mode! that will include extent of immersion as an
independent variable.
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A cold water immersion tolerance prediction capability is also being planned for
inclusion into IMETS. The insertion of a predictive immersion hypothermia model in
IMETS would enable the system to generate risk contour-map overlays for immersion
hypothermia. Such contour ma, overlays could be useful for identifying
terrain-dependent emersion-time safety limits for dismounted training or combat
operations. This type of analysis and decision tool would also be of importance in
planning the distribution and dispatching of search and rescue assets for aviators
downed over bodies of cool to cold water. Maximal permissible response times would
be obtained from IMETS and the search and rescue assets deployed so that these

physiologically based rasponse time limits would not be exceeded,

'y
- e 3 -7

in addition to a cold water immersion modei for prediciing nypoinermia,
USARIEM coid extremity mathematical models have been developed that predict
responses of digits and extremities to prolonged cold exposure. The cold exposed
extremity or digit models are of two types. One type is lumped parameter (Shitzer, et
al., 1990 and 1993), which assumes isotropic and homogeneous tissue properties
within each compartment and near instantaneous and simuitaneous temperature
changes at all points within a compartment (1.e., no intracompartmental temperature
gradients). The other type of mathematical model utilizes a distributed parameter
representation {Shitzer, et al,, 1994).

A distributed parameter system can model the additional complexities associated
with variations of tissue properties within compartments and the existence of
intra~ompartmental temperature gradients. In this type of model, thermal energy is not
assumed to distribute uniformly and instantaneously within any compartment.
Implementations of these two types of cold exposure models are currently in different
stages of parameter identification, verification, and validation. The rate of progress in
this regard indicates that the lumped-parameter model will become operationally
available before the substantially more complicated distributed-parameter cold
extremity model.

The USARIEM cold extremity modeis will provide the abiiity to predict risks of
cold injuries, such as frostbite, to the extremities. These predictive cold extremity
models could also be used to further expand the utility of IMETS for cold weather
operations. This will enable IMETS, for example, to generate contour-map overlays
depicting isoprobability contours for risk of frostbite as functions of real-time weather,
forecasted weather, terrain, and soldier-associated pararneters such as type of gloves
and uniform, and estimates of various physiologic parameters such as extent of
dehydration. Similarly, automatically generated contour-map vverlays could also
delineate predictions for spatially varying maximum outdoor cold expcsure limits.

16

~~ "ADAZ94006




ADA294306

These type of informational products would provide physiologically based guidance for
exposure-rewarming cycle times for sentry duty or for the soldiers of units manning
defensive perimeters at specific locations in cold weather environments.

USARIEM ALTITUDE EXPOSIJRE MODELS -

A USARIEM model for predicting the physiologic responses, performance
decrements, and medical ilinesses associated with exposures to acute and chronic
altitude (or hypoxia) stress is currently in the concept definition and early design phass.
USARIEM research physicians and physiologists in the Altitude Physiology and
Medicine Division have generated a considerable body of iiterature {e.g., see the
compendium of papers in Houston, et al., 1991) to support the eventual development of
a comprehensive predictive altitude response model. An interim expedient approach is
the initial creation of relatively simple predictive correlational models for altitude illness
with subsequent development of more sophisticated and robust causal or
servomechanistic models.

Causal altitude response models would characteristically be predicated on
mathematical descriptions of the relevant physiologic and biophysical principals
pertaining to altitude-associated stress-strain relationships. A closed-loop altitude
model would also require delineation of the appropriate physiological feedback control
mechanisms.

A rational or analytic altitude exposure model is preferred over a totally empiric
or correlational derivation. This is because a rational model draws not only upon the
data sets used to specify parameter values, bu: more importantly, on the robust,
validated, and well accepted body of knowledge consisting of the fundamental and
generally applicable physiologic, biophysical, and control principals impilicit in the
model's constitutive equations. During the design and development of a rational model,
the relevant principals, constraints, and simplifying assumptions are usually explicitly
identified. The analytic framework can facilitate an a priori prediction of the extent of
the modei’'s generalizability.

Another potentially major advantage of the rational model is that it may be
possible to derive an analytic solution if the model is not excessively complex. An
analytic solution can be used, for example, to check the accuracy of numerical
implementations. Despite the inherent elegance and power of a purely analytically
derived mathematical model, correlational analysis of empiric or experimental data,
however, is still an important aspect of rational mede! building, because it bridges gaps

17
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in the scientific knowledge of the extraordinarily complex cause and effect mechanisms
linking environmental and physiologic variables with performance ar medical effects,

This concludes the general overview and discussion of the history, natiirs, and
applications of the various USARIEM stress-strain predictive models for soldier
responses to cold, hot, and high altitude environments. The next section resumes the
discussion of the FLDMED prototype that integrates these model into a unified military
medical deployment staff support software tool for analysis, decision making, and
training.
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METHODS

The concept and general design scheme for FLDMED, the soflware prototype
developed for this repoit, was delineated in a previously published technical note
(Reardon, 1993). FLDMED is an implementation that demonsirates many, but by no
means all, of the features elaborated in that design document. A subset of the
functionality defined in the design document was selected for developing FLDMED. A
high-level priority for this implementation was the demonstration of a gateway interface
from which the user could navigate between interconnected altitude, cold, and heat
strain prediction modules.

Sketches and diagrammatic storyboarding were utilized for exploiing inteiface
and menu design alternatives. This design approach was utilized to identify different
options for efficient and visually effective appearances for the program component
interfaces. The desired program module functionalities were then translated into
hierarchical menu structures. This was done in parallei with the interface design. A
character-based screen drawing utility was used to create the static visual components
of the module interfaces. These predefined screen backgrounds were stored as
individual 4,000-byte files. This technique allowed screen files to be efficiently ioaded
into screen display arrays at the appropriate locations in the program. Varicus data
display functions overwrite the background screen with input and cutput data at the
appropriate locations.

The inputs necessary fo create functional altitude, cold, and heat modules were
determined by the specific model selected for each module. The requisite input and
output data elements for each of the models were identified. Input, output, and
miscellaneous data elements for each of the three modules were then organized into
data structure hierarchies (Appendix F). The primary advantages of such data

structures were simplification of function interface specifications and the facilitation of
enblock movement of large packets of related data to and from files.

LA RS, I AW Lt ittt

computer language. The user interfaces were developed with the assistance of
functions from a library of C interface and utility functions from Star Guidance
Consuilting, Inc. (Waterbury, Conn.). This library of C interface functions was bundled

in an interface development software package entitled ' The Window Boss and Data
Clerk" (version 5.17). The FLDMED program aiso utilized functions from a C function
fibrary from Young Software Engineering (Mill Valley, Calif.) entitle¢ "Software Tools for
C."

19
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A large data model was selected as one of many different types of compiler
options. This enabled the simultaneous accommodation, in computer memory, of the
rather large input-output data structures and large code modules. The program's
source code, however, was segmented into groups of functionally related computer
files as part of the effort to implement modularity. Program segmentation into separate
source files also made possible the use of run-time overlaying of executable-code. To
do this, code overlay was specified as a compiler option.

Overlaying is a technique that allows software to automatically swap compiled
code segments in and out of standard RAM memory from disc storage. This occurs as
paiticular code: segments are required, rather than having the entire program -
continuously loaded in RAM memory. Code segment overlays often permit larger data
structures to be maintained in active memory than otherwise would be possible. An
alternative method for accommodating large data structures is storing active data sets
in disk files and reloading the data back into the program as needed. This technique,
however, typically results in more frequent read-writes to the computer storage media.
This may result in slower program execution due to repetitive and relatively slow file
input-output operations.

Algorithms for the FLDMED numerical functions in the altitude, cold, and heat
modules were obtained from internal and external sources. FLDMED's heat strain
module utilizes the USARIEM heat stress algorithm. This model was discussed in a
preceding section of this report. The equations for the core temperature portion of this
algorithm are provided in Appendix B in the format of a MathCAD document. Not
included are a related series of heart rate equations described in the 1973 references
by Givoni and Goldman. USARIEM does not currently have an altitude physiology
algorithm. For demonstration purposes, therefore, an altitude physiology algorithm
from a master's degree thesis at the University of Vermont was utilized (Kessler, 1980).
The equations in Kassler's thesis were rewritten and tested as a MathCAD (MathSoft,
Inc., Cambridge, Mass.) document. This listing of equations is included in Appendix D.
Kessler's altitude or hypoxia model was primarily motivated by a paper authored by his
thesis advisor and renowned altitude physialogist, Charles Houston (1947). For this
reason it will henceforth be referred to as the Kessler-Houston altitude mode!.

The author was diverted to other taskings before the lumped-parameter cold
digit numeric algorithm could be irnplemented and inserted into the cold exposure
module. However, the data structures and user interface designed into the cold stress
moduie's interface are specifically intended to accommodate the USARIEM

lumped-parameter cold digit mode! {Shitzer, et al., 1393). A recent technical report

(Reardon, 1994) illustrates a software implementation of this cold digit mode! that
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utilizes a Windows (Microsoft Corp., Redmond, WA) graphical user interface. That
software implementation of the USARIEM lumped-parameter cold digit model included
an on-line hypertext cold weather military medicine reference (Burr, 1993). It was
written in the Visual Basic programming language. The numeric algorithm in that
program, however, can be easily converted into the equivalent C functions for
subseguent inclusion into the presently incomplete cold exposure module. -

RESULTS
- L TN = v
On start-up, the main, or gateway, component of the FLOMED computer

program displays a camouflaged background screen. The altitude, cold, and heat
modules are accessad from the main horizontal menu located at the top of the
program’s introductory screen. This user interface screen, therefore, can be
conceptualized as the program’s hub or gateway to the component altitude, cold, and
heat stress modules. The afiitude, cold, and heat stress modules in FLDMED were
designed as mutually independent components. Note, however, that since altitude and
cold occur simultaneously, in many circumstances their effects will actually be
interrelated or correlated {(e.g., see Chang, et al., 1989). The available physiologic
models did not incorporate these types of complex interactions and, therefore, could
not be included into this version of FLDMED.

The FLDMED.exe program is a single executable 463,036 byte file. Header and
soflware code files were compiled using compiler options that permitted overlaying. or
swapping. of related code segments. This allows the appropriate blocks of program
instructions to be swapped between rapidly accessible working memory and higher
capacity but lower access speed storage media when the user switches hetween the
altitude, cold, and heat modules. Three header files-one each for altitude, cold, and
heat-coniain definiticns of data structures and function declarations (Appendix F). The
body, or contents, of the functions declared in the header files are elaborated in
separate souice files (Appendix G and H). Ten code source files defined the functions
for the altitu:de module, three source files implemented the coid module functions, and
eighieen source files implemenied the heat module functions.

in addition {o the executable fite, FLDMED utifizes 175 separate smali files
(totaling 700,000 byies) for displaying the contents of the on-line environriental
medicine and physiology handbocks, help section text, and reference lists. 1o run
properly. the composite program requires the FLDMED exe and the 175 *alt *cig,
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and *.scrtext files. The total disk space required to transport and fully utilize the
FLDMED program is 1,163,036 bytes {or approximately 1.12 megabvtes).

A

Computational and output formatting and display functions for some of the cold

module menu items have yet to be implemented. The reader is directed to the
references describing the USARIEM lumped-parameter (Shitzer, et. al., 1993) a

distributed-parameter cold digit model (Shitzer, €t. al., 1994), and a whole body cold
immersion model (Tikuisis, Gonzalez, and Pandolf,1988a and 1988b) for possible
alternative implementations of the cold module’s computational core. The data input
interface, however, for the current version of FLDMED's cold module is designed to
accommodaie the lumped parz.ivieter cold digit model. Functions impierienting the

jumped-parameter cold digit model can therefore be easily inserted as the cold
module's computational core in a future version of FLOMED.

FLDMED's functional heirarchy are summarized as menu trees in Figures 1-4.
These figures depict the relationship of user menu elements for the main module and
altitude, cold, and heat submodules. Figure 6 illustrates the front end, or initial menu,

that appears after starting the main executable program file. Frcm this menu, the user
may select the altitude, cold, or heat stress submoduie. Alternatively, the user may exit

the program. thereby retuming to the operating system.

——en e

——— e 4 it

User icads the executable file

Hzin Tenu

3

!

:  J
lul‘:itude i cold | |meat Stress Exit

v v v v

Su oto Altliode Gn te Celd G> to Heat Stress TXIL to Lhe
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Figure 6: Main menu iree.
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ALTITUDE MODULE

If the altitude module is selected from the menu in FLDMED's main menu, the
introductory screen is cleared, and the altitude module's background screen is
displayed along with the primary altitude bar menu located across the top of the screen.
The options listed in the altitude module's pull-down top-bar submenus are illustrated in
Figure 7. The user has direct control over input, output, and on-line reference for
altitude madicirie and physiology, as well as various other options. Upon initial entry
into the altitude module, the program automaticza ; icads a default profile. The principal
feature of the input option is the capability for stzpwise determination by the user of
senario-specific ascent-descent profiles. An ascent-descent préfile is dispayed as &
graph as well as a tabulation of of movements to and from the snecified altitudes

—
Altitude Module Menu Structure

ALTITUDE
~—» Grid

~» Tnput——®»Defaults
New Profile
Save

-» Read from File

Barometric pressure

- Ousput —p Graphs_[» Amblent OZ pressure
Arterial 02 pressure
Hb 02 % saturation

-¥ Options

—~—p Medical Condizions
—» Mec Info--}—»Operaticnal Guidance
L»references

—» Heip

‘m’Exit

Figure 7: Altitude module menu tree.

In addition to the ascent-descent profile, other inputs for the altitude module are
entered via an input grid for four sets of physiologic parameters (see the User's Guide
in Appendix A for additional details). The physiologic input parameters are coliated into
two groups: hematologic and respiratory. Hematologic parameters include those for

hemoglobin, hematocrit, bicarbonate, and plasma pH. Respiratory system paramsters
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include those for respiratory ratio, inspired oxygen concentration, alveolar carbon
dioxide pressure, aind arteriolar-alveolar oxygen diffusion gradient,

The altitude module output currently is limited to graphic displays of barometric
pressure, ambient oxygen (O,) pressure, arterial O, pressure, as well as percent
hemoglobin (Hb) O, saturation. Future enhancements could incorporate capabilities for
generating detailed and summary listings of physiologic responses for each segment of
the ascent-descent profile.

From the altitude module's top-bar menu the user may select the Med Irfo
option. This provides access to on-line reviews of numerous topics in altitude medicine
and physiology (Cymerman, 1994). Topics include high altitude pulmonary edema
(HAPE), high altitude cerebral edema (HACE), possible altitude related complications
associated with sickle cell trait, and potential thrombotic complications associated with
altitude as reported in the medical literature. A synopsis of the cardiovascular,
hematologic, and pulmonary adaptations to high altitude are aiso reviewed.
Operational medical considerations for military deployment to high altitude regions are
provided in a separate section. Reference lists from the USARIEM technical base, as
well as from the civilian literature, are also provided.

COLD MODULE

The menu structure for the cold strain modiile is depicied in Figure 6. The firsi
level menu provides interactive functionality and structural organization consistent with
the altitude and heat stress module menus. A horizontal menu is located across the
top portion of the cold module's main screen. Selecting any of the main options from
the top-bar menu generates submenus of additional selectable options. The primary
menu categories for the cold exposure module are inputs, output display options,
medical on-line reference, help or user instructions, and an exit option that takes the
user directly back to the main module,

Menu items bounded by the gray areas in Figure 8 indicate those coid module
menu items that have not yet been implemented. The cold model input interface was
designed to accommodate the USARIEM lumped-parameter cold digit mode! (Shitzer,
1993). An example of a Windows implementation of this lumped-parameter cold digit
model can be found in Reardon,1994. The user interface structure for FLDMED's cold
module was implemented in a manner consistent with the altitude and heat stress
modules. For example, the physiologic inputs for the cold module can be entered into a
datagrid either by row or column. Morphologic properties of the simulated digits can be
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collated into a separate input widow. A drop-down selection list containing different
types of military gloves is functionally anal~qous to the heat module's uniform selection
screen. Likewise output functions will be written to permit the generation of data grids,
graphs, and data listings similar to those in the heat strain module. As indicated, many
of the functions required to complete the cold module can be derived, with appropriate
modifications, from the corresponding functions used in the heat stress module. The
software development scheme did take advantage of softwarc component reusability
despite the fact that an object oriented approach was not utilized and objects have
been recently touted as the primary mechanism for exploiting code reuscibility.

Cold Module Menu Structure

COLD o 5
Gric z
—p Irput—{—pDefaults ¢ 2
New Profile 23
Save ‘s 5
Read from File 3
e
by
Finger temperatures v%
- O'.ztpuc,»Graphs.E Time to reach threshhold 23
Glove comparisons &3
~P probability of frostbite 35
—» Opcions g

—p Phiysiology of Ccld Exposure
—pRigk Factors for Cold Injuries
—» Prevention of Cold Injuries
—p Frostbhite Dx & Rx

—p Non-Freezing Cold Injuries

i N —p-Hypothermia Dx & Rx

—#Med Inio < o orher Medical Problens

—p Key Points

—» Wind-Chiil Chart

i —p Cold Weather Traininc

—p Sxs and Signs of Hy»polhermia
—p Refererces

Figure 8: Cold module menu tree.
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HEAT STRAIN MODULE

The menu structure for FLDMED's heat strain module is depicted in Figure 9.
The first level menu in the heat strain module is, as with the other medules, a horizontal
bar across the top of the screen. Selecting any of the main options in the top-bar menu
generates submenus. The principal interaction categories for the menus are inputs,
outputs, options for graphics display, medical on-line reference, help or instructions,
and an exit option that takes the user back to the main module.

There are multiple data input options for the heat strain module. Data may be
entered directly into data cells in the data grid. This can be done by row or column.
Additionally, data may be entered as functionally related input parameter subsets. The
multiple and redundant avenues for data entry provide flexibility and convenience to the
user for the scenario building and editing process.

Popup windows are provided for inputting soldier-specific data such as height
and weight, clothing parameters such as clo and permeability, specific soldier activities
or, alternatively, an input window for entering marching related parameter for the
automatic calculation of the metabolic rate (Pandolf, Givoni, and Goldman, 1977; Soule,
Pandolf, and Goldman, 1978). Daiis sodium intake is calculated based on user inputs
for the type and frequency of ration consumption. Other input forms allow specification
of solar conditions and associated radiant heat load (Breckenridge and Goldman,
1972), and terrain types that maps to the appropriate terrain coefficient. Terrain
coefficients madify marching-related metabolic rates (Soule and Goldman, 1372).

The heat strain module provides for data persistency via numerous file handling
capabilities. Previously constructed scenario files may be imported from a subwindow
generated from an option in the Input menu. The user may save the most current data
sets at any time by specifying a file name and adding, as a file header, an identifying
comment for each set. A time and date stamp is also automatically appended in the
data file's first line. When exiting the heat strain module, the complete scenario data
set is automatically saved and, on reentering the module, the data is automatically
reloaded so that work can be reasumed without the need 1o reenter data. Alternatively,
the user may revert to the default scenario data set by selecting the default input data
option from the Input menu. One should note that if the data file saved from the most
recent session is not in the same directory as the program, the default scenario set
instead will be loaded by a call to a default data function within the program.

Qutput data for the heat strain module may also be saved in several ways. The
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accomplished, the output data is stored in a text file, thereby making the data available
for printing using some other mechanism after exiting the FLDMED program. In such a
case, the program displays a message indicating that printing was unsuccessful, as
well as the default name of the file where the output data was written in lieu of the

printer.

HEAT STRESS

—» Row Input
—» Colurn Input
¥ Input —_p Uniform
—» Solar Load
—p Personnel
|—» Terrain
—P Zctivicy
—® Nutrition
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—» ou-put —® Gravh: all
—» Graph: o¢one
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-——P Print

—® save

—P» Introduction
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—¥ Help
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Figure 8: Heat strain module menu tree,
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DISCUSSION

This projezt demonstrated the feasibility of consolidating numeric models for
altitude, cold, and heat straii along with supporting environmental and operational
military medical references The software program desctibed in this report (FLDMED)
provides an example of a unified and dynamic environmental medicine and physiology
computer-based tool of potential use to military medical personnel for predeployment
analysis, planning, and training.

A numerically based physiologic environmental strain mode! was selected for
each of the three modules in the FLDMED prograrii~ The numeric algorithm for the
altitude module (Kessler, 1980) is problematic in the sense that physiologic parameters
are satic and output variables are alititvde but not time dependent. For example,
altitude acclimatization effects are not modeled. Additionally, this particular model
does not include physiologic feedback control mechanisms or any ability to predict
altitude illness rates. An altemative to the functionally limited Kessler-Houston altitude
model, however, was not available. Looking towards the future, hnwever, USARIEM's
Altitude Physiology and Medicine Division has developed a broad. se of research
results in altitude physiology and medicine. Such data will be useful for creating a
dynamic mode! capable of predicting a broad range of physiologic, performance, and
medical responses to altitude exposure. This will eventually include the ability to
simuiate, or predict, acclimatization effects and time-dependent incidence rates of
altitude iliness as well as the extent of performance degradations (e.g., Kobrik, 1983).

FLDMED's heat strain module utilized the USARIEM Heat Strain Algorithm. An
expanded interface was demonstrated that provides improved flexibility with regard to
data entry and display modes (see the FLDMED User's Guidein Appendix A). This
facilitates creating and analyzing scenarios spanning a wide range of environmental,
soldier, metabolic, clothing, and other heat casualty risk factors. The extensive input
modes were complemented with enhanced ouiput capabilities. The heat strain module
generates output in a variety of different tabular and graphical forrats. The program
can read and write its data structures to files and has features for printing detailed and
summary output reports. The software also includes on-line references (Burr, 1991) for
review of the physiology of heat stress and acclimatization changes, operationally
oriented guidance for preventing heat stress casualties in depioyment and training
situations, and a review of the medical management of heat ilinesses.

USARIEM scientists have done considerable research to evaluate the
effectiveness of alternative microclimate cooling methods and devices for mitigating
heat stress in soldiers operating military vehictes or conducting operations in NBC
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uniforms in hot weather (Pandolf, Gonzalez, and Sawka,1995). Such data are being
used to expand the capabilities of the USARIEM Heat Strian Model is by including a
capacity for predicting microclimate cooling effects (Gonzalez and Strochein, 1995).
This involves specifying a heat extraction rate for the specific microclimate cooling
device and incorpor.tng it into the appropriate location(s) in the Heat Strain Algorithm.

The one-compartment, six-node, Kranning thermoregulatory model has been
usad in some circumstances in lieu of the USARIEM Heat Strain Model. The six-node
model provides temperature predictions not only for the usual core temperature but
also for four additional tissue compartments and a central blood compartment. Also, the
six-node model provides capabilities for predicting and displaying the hemodynamic
responses of heat stress exposure. To display these additional output capabilities, a
more complex input-outpurt interface than that used in the USARIEM Heat Strain Model
is required.

The cold stress module's data structures and input-output interfaces were
designed to accommodate USARIEM's lumped-parameter cold digit model. Another
recent report illustrated how this model can be implemented (Reardon, 1994).

Although the lumped-parameter algorithm is fairly straight forward to implement, Shitzer
et al. (1994) developed a significantly more capable, but also more complicated,
distributed-parameter cold extremity model. In that model, the passive component can
be expressed mathematically as a multidimensional, partial differential equation. This
distributed-parameter thermoregulatory model is nonhomogenous in structure and also
has nonhomogenous boundary conditions. The nonhomogeneity of the mathematicat
representation makes for a complex and lengthy solution (spatially distributed
temperatures as a function of time). Although considerable additional work will be
required to finalize and validate this USARIEM distributed-parameter cold extremity
model, it is expected to be available in the future as a higher resolution altemative to
the lumped-parameter cold digit model. High resolution tissue temperature prediction
capabilities could be utilized, for example, to generate synthetic thermograms.
Conversely, the data from actual extremity thermograms could be utilized for parameter
identification and validation of model-generated surface temperature dynamics.

As previously stated, the objective of the FLDMED software program was to
demonstrate the feasibility ot integrating altitude, cold exposure, and heat strain models
as well as varicus on-line environmental and operational medicine handbooks. This
objective was accomplished. It must be admitted, however, that aithough the FLDMED
program was not a trivial undertaking, collatino medels is often less tasking and
resource intensive than constructing models de novo and taking them thorough the
complex and arduous stages of verification and validation. For example, it took a
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generation of highly capable and experienced USARIEM scientists nearly two decades
to develop, verify, and validate the USARIEM Heat Strain Model, and still, this mode!
continues to require resources for updating and refinements so that it remains current
with respect to new soldier uniforms and items of protective equipment, advances in
microclimate cooling devices, and additional data from new heat siress studies.

The development of biomedical models that can survive the detailed scrutiny of
those in the scientific and operational community with diverse backgrounds in medicine,
physiology, military operations, research, biostatistics, mathematics, biophysics,
computer science, or ccmbinations of these high-level skills, essentially requires a
dedicated model development and maintenance infrastructure. USARIEM has that
infrastructure. It has (1) the facilities to obtain the basic data bases of biophysical
properties of clothing, uniforms, and individual protective items; (2) tropic and arctic
chambers and an immersion pool; (3) the specialized monitoring equipment and
scientific expertise to accurately measure physiologic parameters, time constants,
metabolic rates, and other variables for scenarios involving different types of soldier
activities such as marching across different grades and terrain with a range of loads;
(4) large altitude chambers for investigating the complex physiologic effects of
hypobaric hypoxia and new pre-treatment strategies fo: the prevention of altitude
illness.

USARIEM additionally has an extensive computerized data base of reseaich
study results {(GeoCenters, 1992) and the statistical support required to professionally
analyze the clata for modeling purposes. Visiting professors periodically augment the
USARIEM biomedical modeling staff, typically bringing with them analytic expertise and
innovation in areas related tc modeling complex physiologic processes.

It may be expensive and require considerable time and resources to develop,
verify, and validate an environmental medicine model. Such efforts, however, result in

models that can withstand the test of time and demonstrate robustness in a diverss
array of initially unforeseen implementations and applications.
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CONCLUSIONS

The objective of creating a software program to demonstrate the feasibility of
merging altitude, cold, and heat strain models along with on-line medical handbooks
was successful achieved. This is the first time that this has been accomplished at
USARIEM. However, this prototype can only be considered as a proof of concept. it
was an independent in-house effort. It remains for the more ambitious and talented to
take this concept and rudimentary implementation and completely reds it, employing a
user-centric approach. A structured development process would typically include a
formal needs solicitation and assessment; sofiware design, development, and
maintenance process; staie-of-the aii*software technologies; and fully validated
models. Software standards (e.g., see Appendix E) can be used for guidance. Formal
project management and control mechanisms should be implemented so that the
product development effort occurs in managable phases with intervening review,
analysis, and decision milestones. Additionally, an efficient process should be
established for generating the supporting documentation required for in-house quality
control and configuration management and to maintain compliance with external
acquisition and accounting regulations.

It is commonly recognized that the prospective users should be involved in
defining operational requirements and performance specifications for an incipient
operational software product. 1t should be user driven from its inception. Final product
design and development shouid only begin either in response to spontaneous direct
requests for a product such as FLDMED from the military medical community external
to USARIEM or secondary to an active and successful effort to market the concept after
eliciting awareness of such a product's potential utility. In the latter case, the desired
and operationally useful features and functionality of the environmental and operational
medicine software-based decision and training aid should be actively solicited from
potential users This can be done with job and workplace analysis, interviews,
questionnaires, prototype demos, and other techniques. The potential users can
thereby define and distinguish between the necessary and nice-te-have input and
output data elements and functions, interface structures, responsivity, color schemes
and other details. The program specifications and design shouid also be based largely
on what the users' responsibilities and tasks are and how they anticipate that such a
software tool can be of assistance to them. The software must satisfy the users’, not
the developer's, concepts of what the product should and should not be in terms of
function and form (for a somewhat contrarian opinion, see Martin, 1995).

Storyboarding and rapid prototyping can be of use in helping the potential users
formulate or articulate their ideas and concepts, as well as to demonstrate what will and
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will not be practical or possible. It is important that the potential users be assisted in
clearly identifying all the services that they want the proposed software product to
provide when operating under both routine and stressful conditions. The proposed
product is not likely to be successful or used if it does not provide the high priority user
requested services and functionaiity. Some examples of important generic services
include the following: saving time; automating or reducing the time for completion of
routine, boring, or difficult administrative tasks; imparting new or difficult-to-grasp
knowledge in an efficient manner; automating quantitative analysis where this is
required and too difficult or too complex to do mentally using simple calculations;
assisting and assuring that all important elements are considered in operational or
training plans; or providing a compact, portable reference source with a high-speed and™
easy-to-use search mechanism.

The user-identified services specified for a software product should also be
analyzed for implicit secondary or supporting functicnal requirements. These can then
be ranked according to user-oriented priorities. The requested software functionality in
the highest priority levels are those that should be implemented betore those having
lovser priority ratings (unless not technically feasible). If necessary, due to resource
constraints, the lower priority functions can be implemented as enhancements in latter
versions. After the hierarchy of user requirements has been determined, software
performance specifications can be delineated, after which the high- and low-level
design processes can proceed.

In conclusion, several specific recommendations are offered based on
observations made during the development of the FLDMED prototype software:

¢ £ repository of environmental physiology and medicine models
implemented in a common computer programming language shouid be
established by the biomedical modeling division. The selected
computer language(s) should be stable into the foreseeable future, in so
far as this can be predicted. These program modules should be
implemented so that they are portable across the most prevalent
operating systems for small and large computer systems. These
biomedical simulation modules would provide numerically-based
building blocks for the rapid development of new modeling applications.
Additionally, libraries of interface functions or objects, designed to
accomodate the input-output capabilities and limitations of the different
models, could be developed. This would provide interface building
blocks for rapid prototyping and testing of new application concepts. A
software configuration management plan and data hase should zlso be
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implemented to track, control, and synchronize the modification and
documentation process for the different modules,

Another recemmendaation is to proceed with the expioraiory design and
prototype development of a predictive akitude response model.
Sufficient data exist to support the development of a prototype altitude
model for predicting incidence rates of altitude ilinesses and estimating
performance decrements as functions of high altitude exposure. Initial
versions of this type of modei might only be useful for ir-house concept
development and defining gaps in the modeling data base where future
experimentation is required. A preliminary nonogerational protolype
altitude mode! could therefore serve to put the current body of
knowledge cf alititude physiology and medicine into a coherent
framework and facilitate the identification of specific areas that need
further research so that an adequate altitude model car be completed
at some latter point in time. A validated operational altitude response
model would obvicusly have many potentiai military appiications. For
example, such an algorithm could be used to provide unit commanders
recommendations for optimai time-dependent ascent-descent profiles
for minimizing incidence rates of altitude illnesses while simultaneously
meeting the timeline of the deployment contingericy.

Exploring the development of complex interaction models for exposure
to harsh enviconments may be useful and can be an additional method
of anhancing currently available mecdels. An interaction mode! might
include the interaction of aititude assoc:ated hypoxia with simultaneous
cold exposure. Fer example, miiitary operations in high altitudes may
be associated with increased risk of frosthite due not only to the
typicaily coid, windy conditions ¢f mountainous terrain, but also to the
decreased vigilance causad by the depressed alertness and cognitive
irpairment from aititude associated hypoxia or incapacitation from the
various typas of altitude related medical conditions.

USARIEM alsc has data bases to support inclusion of nutritional factors
and injury preaict.uns inte current models for some appiications.
Present modeis couid be expanded, therefore, to provide advice with
regard to modulating dietaiy compcnents for maximizing soldier
performance in different types of environments and areas of operaticn
(e.g., Thomas, et al., 1993). Military environmental medicine software
tcots such as FLOMED could also be enhanced by including predictive
caoatilities for estimating incidence rates for foot blisters and
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skeleto-muscular injuries for scenarios involving activities such as
marching, climbing, lifting, or load carriage (e.g., Knapick, et al., 1992;
Reynolds, et al., 1990; and Jones, 1983).
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APPENDIX A:

FLDMED USER'S GUIDE

INTRODUCTION

The FLDMED program requires DOS (version 4.0 or latter) or an alternative operat-
ing systems that can run or emulate DOS. For example, FLDMED runs wall in a DOS
window within Microsoft Windows 3.1. The FLDMED program can be activated by running
the fldmed.exe file. This can be done within DOS by typing-"fldmed* (cagx insensitive) at
the DOS prompt. Within the Windows operating system, double clicking on the fldmed.exe
file name in the system file manager window will also activate the program in full screen
mode. Simulaneously hitting the ALT and TAB keys will display the program in a reduced
DOS window.

The FLDMED application is composed of four high-level components, an introduc-
tory module and one submodute each for altitude physiclogy, heat stress-strain, and cold
stress. The introductory screen as well as the initial screen for each of the three
submodules are depicted in Figure A1. The introductory screen has a camouflage pattern
to emphasize the military nature of this application The top-bar selection menu serves as
the the gateway to the three environmental medicine and physiology submodules and
estabiishes a hub for navigating between them.

The pictures of the FLDMED application in this user manua! are screen captures of
the actual FLDMED program run as an application in a DOS window within the Microsoft
Windows 3.1 operating system. Although the figures in this user manual show FLOMED
screens in greyscale, in actuality, FLOMED uses colorized text extensively for highlighting
important items and provides an efficient mechanism for visually grouping and segregating
functionally related material or options as well as directing the user's attention to important
messages.

After initiating the program by typing “fldmed" at the DOS command line prompt, the
camouflaged introductory user interface screen appears (top of Figure A1). Any key will
then cause the main selection top-bar menu to appear. This top-bar menu provides the
following choices: Altitude, Heat, Cold, and Exit. The user scrolls to the desired choice and
hits the Return key to activate it. The top-bar menu format, as well as the overall interface
layout scheme (lock and feel) and use of color schemes, were features designed to be
uniform across the submodules.
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Figure A1: The introductory, altitude, cold, and heat stress module interface screans.

41

ADA294006- - ~— -~ ’




HEAT STRAIN MODULE

ADA294006

The heat strain module can be accessed by selecting the HEAT option from the top-
bar menu in FLDMED's main screen. The heat strain module also has its own top-bar
menu with selections for inputs, outputs, options, medical information, help and exiting. (f
the user selects INPUT from the heat module's top-bar menu, a popup submenu of alterna-
tive input mode optlons are presented as depu‘ted in thure A2 below.

York sol ar tly clou
Rctiuit{ hm\r ir.y
tetehalic rate (uatts
Req uivcd vork tinc {nins): ?":S‘,.
» allowed tine (minzd: 5€£.0
Uork/Rest i ~7. <1 "\':' £0.8 18.A
Peashaseg sates cc3s : S

Healz/day & ng Nv:neal

0.
2 1822.8

. 78.9 £ todi
1€£8.8 168.8 160.0
3. S. 8.
0.8 24.8 0.8
56.8 960 96.4
1.24 1.24 1.24
190.8 185.8 118.0
23. 208.8 28.9
2. 2.8 2.8
Full sun Pull sun Full sun
fediun Heavy Diu;:tng
422, 1 G4 .
248.¢ 248.0 240.¢
583.8 5¢Q.3

! 50d.0 5¢0.6
50.8 18.¢ 50.9 108.8 gﬂ.& ie.a

; mmmu?m:xmm" £4 R

. 8.5 .5
2 1822.0 2 1822.8 | 2 1822.8
: TR ST

Flgure A2 Heat stram mput optlons

Several m~"hods are provided in lower-level submenus for selectively changing data in
the input grid from default or previous session values. input data items can be entered or
modified by rows or columns (data sets). Related groups of data elements can also be
changed by selecting from among input functional groupings as enumerated in the Input
menu selection list. For example, selecting Activity generates a submenu frcm which the
user can select Marching, Activity List, or User Defined activity. If the Marching input option
is selected, the input window shown in Figure A3 is displayed.

Hetabolic rate {wattzd: 40.Q
Fequired uvork tine C(ains):
Max alloved tine n
Umr-}(’Pc:t rye?

(AL ITETER 2L

{ a.
Heal:/day & ng Na/nea.l 2
s ST

SET83 =—== SEIS 4 —:”
180 108
dap st ggu 70.3
> Ei ey E
AN (ERSE ,.;'f{"g; 1 5:“ 16%.9
19 -0 gi.@ ;9‘. _ ot 98.4
b e;g}'ﬂ‘ ‘g‘?- 9.8 96.8
T ROk ;Egga .:‘ x 24 1.24 1.24
7 E Lo s 4 nﬂhb’)m pYaSyresainy
BT Toada 12. 0L il 180.0 105.8 118.9
; /f'innm ‘(n’in")l!‘iﬁa axyl 28.9 2p.8 20.8
SHiSe o Sxobriny 2 Cole 2.8 2.0
= H Pu’ﬂ sun Full zun Full sun
e siun Heauy Diqring

422 507, (a5
244, 240-0 748.8 2401
n¢8.06 83,9 AR L4487

“mint 53.08 10.6 ,ssa 18.0 sa 2 16.0 | 5.8 16.8

€ et 8.5
1822.¢ { 2 1822.¢ [ 2 1824 e | 2 1822.0
I e e e e e — e |
mrmmnz'nmremxza.az 4'7“,%.\, . mm; -

anure A3 Inputs for marching parameters.
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The marching data entry window allows the user to input the data required to calculate
the associated metabolic rates (e.g., see Pandolf, et al., 1977). On exiting the Marching
data input window, the metabolic rate is automatically calculated and entered into the
appropriate input grid cells. Alternatively, the user may enter activity descriptors and meta-
bolic rates directly into the grid cells or the user may select the Activity list option as shown
in Figure A4. The metabolic rate table in the user-defined activity entry screen provides a
convenient reference for entering the metabolic rates assaociated with common soldier tasks
or activities. Data entered in the activity subform are automatically entered into their proper
locations in the input datagrid on exiting to the main heat stress-strain screen.

Fldimed

; Exanple Activities:
Task Range Watts
Uery Light [185-1633 —> 12?7 User Defined Metabolic Rate:
ht ~-— {198-292] —> 247
Hcghm - [326-4771 —) 422
fleavy —-—— (5@7-6421 —) 578 Retivity:
Lyin ound -—---——> 185 Watts:
H Stangi foxhole ——> 116 Duration (mins):
Sitciug in trueck -—---—3 116 Tine allowed(nminsd:
Cuard duty —————=r—e=~ --> 137 hu8 . ]
Driving truck ————--—> 163
. Cleaning rifle - --=) 198
' P Drill & Ceremony —-—-—> 288 I \
Rifle fire prons -——-—> 338
Calisthenics —=—-—e-—— > 370
Scouting patrol - > 454
Pick & shovel ——-—-— -—> 465
! Crauhng + full pack -—)> 465 i
gging foxhole ——- D> 475 ;
i ield assaults ~——- > 472 ==
i Digging an emplacenent -) 548 J]E

Figure A4: Act:vuty I:st and meiabolic rate mput wmdow

The heat strain module's input popup menu ccntains an option for specifying thresh-
olds (Figure AS5). These thresholds define the values of core temperature, rate of tempera-
ture rise, heart rate, and level of dehydration above which output listings for core tempera-
ture, heart rate and dehydration will be prefixed with special characters for easy identifica-
tion.

T Toars 7
Ll S F’:‘é

Mldmed F7E SR

CET® 2 SETA3 SEIR 4 ==
116 10 ]
8.8 m.e 7.8
168.0 162.0 16U8.49
aMmn .0 8.1 Mm.a
96.% 6.8 95.8
1.24 1.24 1.24
160.0 1085.0 110.8
Rel hunidit_: (/): 20.0 28.9 264.¢6 20.8
Hind sp=ed (ns : 2.0 2.9 2.8 2.8
|| Hork solavr<rest in shaded: Partly clouw | Pull sun Full sun Full sun
fctdvity: Harchiug tHediun Harehiag Niqgaing
Hetabalic rate Cuattsd: 428.4 422. 420.41 61z,
Required wori: tinc {minz): 249, 248,68 74!’ u Z'm.ﬁ
Max alloucd ctine <(nins): 583.0 500.0 583.6
Hork/Rest ¢.~.r <rnins)>: 58.08 1.8 $8.¢ 10.8 58 8 10.6 Sﬂ R10.8
Lornkansg eater Lqrashed: @.S 8.5 l
Nc«h/day & ng Nasmeal: 2 1822.8 2 1822.8 2 1822 0 2 1822.90
A - mmcm ko
=kt == USARTER e 2

Figure A5 lnputmg thresholds for taggmg o.utvput'iiata
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The type of uniform and solar load cannot be entered directly into the grid cells. but
must be entered via subsidiary popup data entry screens or windows (Figure A6). Solar
condition is entered one set at a time by selecting from Clear, Partly Cloudy, Cloudy, or
Indoars from the solar condition menu (Breckenrii . 2, 1672). Uniforms are selected from
the Uniform option in the Input listing (Gonzalez, . al., 1993 and 1994).

- URARI T

Figure AG Uniform selection.

Nutritional factors are an additional input optior: within the heat module's Input menu.
Figure A7 below is the nutrition input screen. It allows the user to specify the number of
field rations consumed per day by the soldiers as well as the grams of sodium per ration.
From this information the heat module calculates daily salt intake. As part of the output,
this salt intake is compared to the predicted amount of sait lost during sweating. A time-
dependent and cumulative body sodium, or salt, balance can therefore be calcuiated and
displayed graphically or in the output grid.

— T, — = = e ———

FLDMED

s ~ng gas s gRs nl
MRE XII g&CI 52 X Pratein g:t Carbos H2B Cal
1. BBY Pork & Rice J.83 1324 1626 44 47 187 252 1345
2. Beef Hazh 3.48 1551 1551 48 46 287 479 1428 408
3. Chix Stew 2.79 1349 1837 44 51 176 299 1348 579
4. Han Omeslet 5.07 2613 1456 49 69 1?2 269 158?
5. 8pag & Sauce 4.69 2118 1079 47 68 167 218 1398 494 !
6. Chic RlaNing 3.2 1643 1484 56 56 146 188 1349 447 i
?. Becf Stew 3.89 1219 5?7 56 141 194 1295 456 '
8. Han 8lices 5.13 2459 1524 44 46 162 215 1239 478 |
9. Heatbls & Rice 4.44 1964 1550 s9 62 17 1580 1494 456 !
18. Tuna & Noodles 3.01 1548 624 S2 56 130 211 1231 456 !
11. Chix & Rice 3.62 1822 abd 59 59 144 191 1262 4146 I
12. Han & Potatoecs 3.62 1717 1450 3n 42 186 298 1273 578 J
Average: 3.83 1822 1359 4? 54 152 223 1343 163 i
I} Note: to conuept flug B of meals per day: Note: to convert '
Bli From Ma to MaCl guy ! eg Na per ncﬁ: ﬁmﬁ from NaCl to Na i
rulciple Na by aultiply NaCl by N
. l - R e 9.393 i

T e el i T T S CR—"

Figure A7: Meals and salt intake.
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Aiter input parameters are specified in the heat module input data grid, the user may
select from a variety of different output options. The oculput options in the heat strain mod-
ule are accessed from Output on the top-bar horizontal menu. The pick list for output
format options appears in the following popup menu:

Graph: all ]
Graph: one [
Detajled data |

Print '
Save

If the Output Grid option is selecied, Figure AB appears in the dispiay window. This
presents a tabular summary of the outputs for each of the input data sets. Pressirnig any key
then retums the user to the screen with the input data grid.

SET# 1 === SEI# 2
Nunbder of troops: 108 1688
#% heat casualtices: €8.74
8 of hrat casualties: 69.
. core tenp:
Hours to max cors tang
Max. sueat rate (lts/hr
120 _consunwd/nan (1tcd:
Sucat losz/man Clts):
Net H20/man (1esd:
# dehydration:
Min 1ts sneeded for unit:
fHax heairt rate <(bpmd:
Hours to nax heart rate:
Hours needod €for niscion:
1lowed—required hourc:

Max nonstogauork {mind:

Cool pouv in chade C(uatts):

ontarg Na Cgns):

Swoat He loss <gnc):

Net (diet-zweat) Na Cgncd:
U1l BOLT

Figure A8: Heat strain output data grid.

The graphical display options are listed in the graphics selection menu shown below.

SELECT CRAPH TVYPL: ]
Mlu-t Ete
Het Uctu- Dcflclt.
Zar Castualty Chart

Pie Casvalty Chert
Misc. Bar Charts

Multiple output data sets can be graphed simultaneously. Alternatively, each data set
can be graphed individually. The user may select either one or four graphs per screen.
Graphs can be pnnted directly by pressing the letters p or P, if the DOS Graphics command

is installed prior to running FLDMED, and the printer is in a Hewleli-Packard (HP) printer
mode.
45
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Figures A9 and A10 illustrate core temperature and heart rate profiles for four sce-
narios with the same work-rest cycles. Tabular scenaric input data are provided in the
background to facilitate comparing results. The data sets and corresponding graphic
trage ~tories are given the same colors to enhance rapid visual coordination of tabular and
graphic data belonging to the same sets.
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From the Options choice in the heat module’ s top-bar ment, the user may select to
have four graphs plotied in one graphics screen. Figure A11 reveals a tvnical series of
graphs drawn after selectirig this option. This type cf output format is usefui for visually
comparing principa! differences in the physiologic responses to the different scenarios. In
the muitipie graphs per view, the tabular summaries of the input data are not provided.

w Seidf
« Setd
x Sctel
= Setés

“ Seces

Secn2
x aot&x
* Setha

oL ey

AEYTAN NS
INT W AR

Hates deficit profite

» 15 d+tlcit, » $3 »riéss :
;®w Setsl “.a0 ¢
i Set#d : » S.-:8l
3 R |« SOLED -Q.50 & Seth2 3
h B i= Setlg 3 | Cetuld l
h : - ~2.00 - = Cetld iy
- 1 | = Se gy
i l’f‘ : 2.3Q
{ 5 £ -2.00 :
: z.%0 !
-3.08
]
~3.%0

Figure A11: Multiple graphs per view.

Some of the cutputs for the heat strain modile 2re alse summarized in bar charls
(Figures A12 and A13 ). A pie chart option is also available for depicting percentage of
casualties when each data-set represents differeni paris of a camposite senario. Ling
araghs are useful for presenting time dependent, or dynamic quantities, whereas bar and
pie charts are more usefu! for comparing relative magnitudes of point values, final cumula-
live efiects, or results such as casualfies.
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Figure A13: Miscellaneous bar charts
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From the heat strain module's Output menu, the user may select the option to view a
detailed listing of output data presented in text format (Figure A1 °* The detailed output
data listings activates a scrolling window of inputs, time dependent outputs, and output
summary. The time dependent outputs are automatically tagged when values exceed
those specified in the thresholds section of the inputs as previously described.

SEIS 1
Tine: 12:87:83.42 Date: 81/31/1595

INFUT DATA
fixbient tenp <F)>-> 95.8
lar load -> Partly cloudy
lunﬂitg > 8
Wind (nph
# of troo
Days accl n
Height C(inches)
Height(lhs)
Max tre alloved <1
ire xnxtxal Py 98.
R initial -> 65.@
Init dehydraticn <z > 1.24
Rctivity —) Herching
fiet rate Cwatts) -> 438.0

I

; Markers —> equals or surpasces a threchhald linic: '

x flenrt rate threshhold {hpa) -> 188.8

« Corc temp thrc:hhold <Py -> 182.2

+ Delta core temp < nin-) tin-e-hold -> 0.9
« Dehydration thrc'hh:'ld -> 5.8 2 of body wat

OUTFUT FOR SEIH 1
ing Phace Ire # Lts sucat Ltz net H20
vork
work
wvark
work
uork
unrk
work
work
work
work

DEIJOLKNOER
e33s0I808E
WWWNNMK DD

. Hofme,

OUTPUT SUMMARY '
I'redicted 8 of heat cazualtiez - a9 :g,
fredicted # hcat casuxlties - 88.7 HY
Tre max = 183.6 <P at 4.8 khours. ',5;
HR nax = 16A.2 (bpnd at 4.8 hours. i
Sucat ratc max - 1.1 Itzshr at .8 hzurs. 2.
Dictary Na intake = 3.6448 gnzsday. t;.
Sueat lozz = $5.4942 gn:=. fa
Net <dictary-sweatd Na halance - -1.8582 gns
¢ND: NaC) 2'2, 542'«3 using either ng or gw' for each.? i
Qi= of uater consuned = 2.4 !

Pcrcent dehydazed dy end of niszion = 3.6 4.1
Hin gallon: of wvater required for cuhpdrat 1or 321.4 3
Total hrs required to comnirte the vark -~ .0 I}
& of works/rezt cycles = s

Predicted max reconnended work tine (uin*) = 78 ih
qunron cooling power (watets) « s

- remee-= AN AAS NS NARC RN SRERE S R e voww
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LTS

Data can also be saved in a speadsiieet compaiibie formai. This is accompiished via
serving delimit the separate data elements (Figure A15). To view the saved data file from
within a speadsheet program, use the speadsheet's file import option ard set the delimiter
to the double quotation mark. The data will then parse automatically intc the individua!
speadsheet cells. Further data analysis or data-set comparisons can then be carried out
from within the speadsheet. If FLDMED is run within Windows this can be done without
closing the | FLDMED apphcatlon.

a conne end v delin!ttd
spreadsheet file. li*e the inpert option.

Aug. skin tenp (F): °5.8
fnitial dehydut!oa Cx3:
Clothing: DB[‘EJ open
Dry bulb tenp (F): $§5.8
Pel huatdity (x):
Uind speed nph):
Uork solarire=t in :ha:lc)‘
fictiuicy:
Neca®olic rate (watts):
Requirzd work tine (nm:)-
Bax allowed tine C(mins):
Vork/Rest cyele (nins):
Drinking wacer (gt /kr):
I!eal./d;y & ng Ma/neal:

e T n
uSﬁFI

Figure A15: Saving input & output data sels in a speadsheet compatible format.

The FLDMED program also is capable of printing input-output data. The user may
select either a short data summary or a longer defailed listing. Each set can be annotated
with a short note {Figure A16). The program cuently Onlv Supports printing in the Heawielt-
Packard (HP) printer mode. If a compatible print driver is nct accessible. an error message
appears to notify the user that, although printing from within FLDMED was not possible, the

data was written to a namesd texi file. The user may iatter print this text file from cutside the

sar 22 wrs

program using aner print driver.

! ¢ Pot printer in HP acde not Post Sﬂ"ig‘ b4
Tine: 12:25:43.35 Date: 81,3119
. Type of ?rir:out (S Sumnary FaFull leagtk): §
tm; s Connents far Data Set= 2 !
Iniziall 2: 4
} %
3! Ihic infa gonez inte the data file.
Hork solardrest in chaded: Partly clon | Full zun Fal} sen Full sun
N fRcrivity: fhwwching Bediun Heavy 3 Digging
Metalnlic rate (uatss): 420.6 £22. 597, t 642,
Rccuu-cd work tine (rminc): 248, 243.08 248.8 § 240.e
Max allowed tine C(nfnzd: SEE.@ S48 Sed.8 Ses.e
Yark/Best cycle (minc): SHB.2 1R.R 58.06 18.8 9.8 182 l AN 180
Prinking water <qizshr): 0.5 3.5 8.5 { 8.5
} Bealzsday & ng Nasneal: 2 !822.8 2 1822.8 2 1322.8 { 2 11g22.8

o]
P

P
‘\

¥:d
e
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The MED INFO option in the heat strain module's top-bar menu activates a popup
menu of topic choices per Figure A17 bslow. The MED INFO section represents an or:-line
version of the USARIEM Technical Note ‘Hsat lliness: A Handbook for Medical Officers"
(Burr, 1992). This handbook was reformatted somewhat to facilitate its implementation as
an on-line computer-based reference. Additionally, coior highlighting is used throughout the
text to draw the reader's attention to key words, phrases, and concepts.

= v . |
Initial care |iN i LA . |
flug. skin 23 ’ 96.8
Infitial dehydea 3 1 iontIont 1.24 1.24
- BHSRE : LRDY
Dry bulb 118.0
Rel humi}'XEg 28.0
d speli® 2.6
Hork solar{rest i Full sun
Digging
Metabolic rate 642. i
Required vork tin - : 218.0
ax allowed tin 08. 5680.0
Work/Rest cycle {mins>: 58.8 18.8 58.9 18.8 | 5.0 13.09

Deinking water {gts-hsd:

508.06
8.5 ‘ . | 8.5 .
“ Neal_s/day & ng Nasmeal: 2 1822.0 2 1822.8 2 1822.@ | 2 1822.8

!W

o~y
s USRRIEN

Figure A17: On-line medica! heat strain handbook.

As an example, if the user scrolls down the MED INFO menu to the line for Work-Rest
and Water Tables and then hits the Return kev, Figure A18 below appears. This scrolling
pick list of tables alluws the user to rapidiy jump directly to specific work-rest, maximum
work time. cr water requirement tables. As indicated, separate tables are provided for both
day-time and night-time military operations.

(. JBPreventinon of Meat Inguricg During Dayliyht Operationsi

Tahle Title
=iz Maximum York Tines
~2{E2 Hater Hequirements for Maximun Hork Tines
ME3 Aecavery Time Estinates after Maximun Work
->{E4 Minutes per Hour in Work-Rest Cycle
~>{ES Hater Requirenments for Wook-Rest Cycle
1] .| Prevention of Heat Injuries During Night Operations
~>§FL Maximum Uork Times
->{p2 Hater Requirements for Maximun Work Tines
~2{K3 Hinutes per Hour io Work Rast Cycle
-2{P4 Hate- Recquirements for Work-Rest Cycle

Refercace: YSARIEN Yechnical Note 91-3. "Heat Illnes: fi Handhook
for Medical Officers”, fippendices E & B, June 1971.

Use the scroll par to sgelect & vies a tahble; press Esc to exit.

Figure A18: Work-rest and water table selection list.
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Figure A19 is an example of a table that provided recommendations for single-shot
maximum work times during daylight operations (Burr, 1991).

2y

fabls E-1 M& '
. i HOPP® HOFP4+Underwear [:  HOPP4+BDU ;
%‘ wBr{ Ta-“VL L M MW uw L An H 1w L N [}
po e oy e naed gl R - . V- R w——
leog | 82 WL NL RL « 3 NLotvs M b ML pn e g
s pe@ ¢ 84 ML NL v« s ML o1x v 0L WL dd i
182 . (82 I'NL  NL . O L T RS ©f HL e :
" §B4 189 T A "y NL o6 S0 b0 NL I
1B6G ¢ £91 ;' NL WL R A {OHL s :
. .B8 94 i NL ML ONL ; NL - ‘
: E98 4 196 | NL AL i NL HL 4
“Lga loo9g IINL ML £ ML . T © ML .
igd s WL v FONL ;WL R
[ 196 1 183 1l NL HEZ RINRLE .
, £98 ! 199 i NL §iet S AN (IR S B A LR
, 106 i t1:rd !' ) gt 0ot v t 21 bR I :
Uac HBGY or Ta uhere: Work intensities Hatts Navigate:
UBGI=Uet Bulb Globe Yenp. (I Uqur{ Light = 18?7->17% T or pg up
Ta=Dry bulb anbient tenp. (PO LeLight = 176~3325 4 or pg dn
+587% hunidity + clear sky. M=fedium = 326-->508 hone end
NL=No Limit H=Heavy S0g+ o.W. exit

Figure A19: Maximum-work time table in the medical handbook.
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The Help option in the heat strain medule's top-bar menu provides the user instiuctions
and caveats as shown in Figure AZ0.

INSTRUCTIONS
1. The 4 input data sets can specify 4 different senarios
and/or 4 soldier subgroups.
2. Onc can simulate thic response of the average soldier in
the unit. However, alzo simulate :ubfroups that are
|

at precumed increased risk such as thaze that are less
acclinmatized, cavryinyg heavier loads than average,
vearing different uniforms, more dehydrated, or with
elevated baseline core temps (i.e. Fehriled.

3. Ho standard deviations ar confidence intexrvals for the
putputs are provided. One can sinulate senarios slightly
more extreme than anticipated to help determine the
sengitivity of the outputas to various input paramcters.

4. Casualty prediction 4s for total heat exhaustion and
heat stroke. It is based on a Normal prob. density func.
with a nean of 39.5 C and std. dev. of 8.25 C:. -

5. Analyze the results in_the light of common seriu, prior
experience, and medical judgement. In the training
cnvironnent and unless instructed othervise by the
commander in a combat envivonnent the emphasis should

on preusnting any heat stress casualtisz.
press Enter to continuc
USARIEM

Figure 20: Heat strain moduie help and information screen.

From this screen, if the user hits the Return key, a list of references for the USARIEM
heat strain model is provided (Figure A21).

= - Fldmed” -

1
»

REFERENCES
1. J.R. Breckenridge and R.F. Goldran. "Solar Heat Load In Han",
J. fppl. Physiel. 31, 659 <1971). .

2. Y. Epsteoin, L.Nn. Strochein, and K.B. Pandolf, “Predicting Metabolic
Cost of Running with and without Backpack LoadcY, Eur. ppl. Physiol.
66:495-588 (1987?). .

3. B. Givoni and R.F. Goldnan, “Prcdicting Rectal Temperaturc Response
to Work, Envivonnment, and Clothing“, J. Rfppl. Phyciol. 34, 281 (1%73).

" 4. B. Givoni and R.P. Goldman, "Predicting Heart Rate Responze to Mork

Environnent, and Clathing". J. ngpl. Physdiol. 35, 875 <(1973).

S. K.B. Pandalf. R.L. Burce, and R.F. Goldman. ‘Role of Phycical Pitness
in Haat fAcclimatization Decay & Reinduction'. Ergononics 28.399 (19727).

6. K.B. Pandulf, B. Givoni, and R.P. Coldman, “Predicting Energy Expendi-
ture with Loads while Standing or Walking very Slowly™, J. &ppl.
Physiol. 43, 57?7 <197?b).

?. K.B. Pandolf, L.A. Strochein, L.L. Drolet, R.R. Gonzalez, & M.N. Sawka,
“Prediction Modeling of Phycislogical Responses and Hunan Performance
in ths Heat', Comput. Biol. Med. Unl.16, .5, pp. 319-329, 1986.

vress Entey to continue
10,92 USARIEH =

Figure A21: On-line refernce list for the heat strain module.
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Figure A21 shows the introductory screen for the Altitude module. Depicted is a grid
with a default ascent-decent profile in overlaid tabular descriptive and graphical formats.
The vertical axis is altitude in thousands of feet. The units for the horizontal axis are num-
ber of days. The user may select the Input options from the top-bar menu. A pop-up input
selection menu then appears.

f Nav trnﬂr
I terioble
Yr'fnull

[:~]
3
k4
o
S

15 20 25 38 35 »
==
(o]

To specify the physiologic parameters for any or 2!l of four senarios or sets the user
should scroll within the Inputs menu to the Variables choice and then hit Return. This
causes an input grid for the physiclogic veriables t¢ appear as shown in Figure A22.
Within this input data grid parameters can be changed within predefined constraints. Val-
ues outside of the valid data ranges are not accepted. The F1 key can be pressed to
activate a small pop-up dialog box that states a variable's limits. In Figure A22 the user

i 4 ser Almba Anba
has entered a different value for the respiratory ratic in each of the four data sets.

GET“ 2 === EETR3 SETH 4 =
Haroglobin 14.5 14.5 .
ficmatoerit 45.8 45.8 ‘
7. 7.4 '
24.9 24.9
Tanp (P 141.8 102.08
Resp. Ratjo 8.9 1.8
Peep Rl => 21.8 21.0
Pacoz =D 404.6 106.0
fa diff grad :-> .8 5.8
i -4 — -
-] -
38 35 »

Figure A22: Input grid for physiologic parameters.
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The altitude module's default ascent-decent profile can be cleared by selecting the
Clear Profile option from the Input option. The Create New Profile selection also clears the
current profile and generates a window for creating a new ascent-descent profile. Figures
A23-A25 illustrates the data input windows and movement options popup for constructing a
custom ascent-decent profile.

Dezcrnd

» et Fenain
H

Stop

Figure A24: Seleci:iig an ascent-decent movement.
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3 1 28 25 38 35 s}

? 3
B ——4—4-1 -
*- 1. fvent Nltl <FL) M162 <8¢> Fron Dayh to Day
fscend -9@8P2H 10800 1-’—‘ 3
y- —-4—4 {- {-1-—-}-Remain —~18830-§—} -{10880 }—{- 3 18 -
15 ~fizeend --165000 13008 18—t 13
B Remain —-130688 13908 134--+ 16
» Dascand- 130005 88@d1—1 11— 164+ 19—
“+ R in ~ 8068 17+-1 26
4+ endg 8 qoep 284+ 22
18 ] ]
-
- - - 1
..1_ - i
N WEER
15 28 25 @ ' '35 »

Figure A26: New ascent-decent profile with return to main altitude screen.
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After the physiologic parameters and ascent-decent profile (Figure A26) have been
entered into the altitude module, the user may select the Output option from the top-bar
menu to generate a set of composite line graphs (Figure A27). The graphs plot ambient
pressure, ambient oxygen concentration, alveolar oxygen concetration, and arterial oxygen
concentration as functions of the values of time, altitude, and physiologic variables.

Fldmed

Day &

Artexzal 02 Laturation
i50

' 108
"

e e

Figure A27: Graphical output for the altitude module.

57




“ADAZ9A006————

As was the case for the heat and cold modules, in the altitude module, the user may
select MED INFO from the altitude module's top-bar menu. This option activates a popup
menu that lists topics in military medicine related to deployments to locations at high alti-
tude (Cymerman and Rock, 1994). Figure A28 below illustrates the appearance of the
medical reference topic selection mode. To select a topic, the up or down arrow is utilized
to scroll through the options. The Enter key activates the selected choice. Alternatively,
typing the first letter of a topic will send the cursor directly to that line.

i Medical Cind.tinn: to DayH
Operational Guidance 11—+ 3 -
Pefevences 3+-+ 18 -1
{;‘ 18- 13
- 1341 16 R
161 ?

e 1?7+ 28
!T 1“ %tb'l‘ld 204{— 22 B
li'rl; > 4
{3 2

» . i
2 S-—ti— H
&

Pa— :
o ik RE=REEE
|7 o [ X

1 10 1S5 a 25 30 35 »)

Figure A28: Altitude's medical reference tobic menu.

Figure A29 below is a typical display from the altitude module's medical information
reference section. In this example, the user can review a table of reference values for the
constituents of air in the environment as well as for various internal locations. Additionally
the respiratory ratics are provided for the three major macronutrient food groups.

Usually the ratio of nolecules of 02 absorbed from the lungs te the
i of molecules of C02 rcleased into expired air i¢ not exactly one. Thic
is the reapiratory qustisnt (RQ).

Food source R3
Sugars 1.8
Protein 8.82 fiverage diet -> RQ=0.82
Pat a.?

Navigate: Pg-up. Fy-down, ftikeyc, Hone. End. Esc & other keys to exit

Figure A29: Altitude physiology content example.
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FLDMED's cold module is reached from the top-bar menu of the main program's intro-
ductory screen. The dynamic numerical portion of the cold module has not been imple-
mented; however, the data structure heirarchy for thisd module was specifically desigred to
accommodate the insertion of the predictive USARIEM lumped parameter cold digit model
(mathematics of the model described by Shitzer, et al., 1992; an expanded software imple-
mentation derived from that reference is described in Reardon, 1994). The input interface
designed to accept the necessary inputs for the cold digit model is shown in Figure A30.
This input interface utilizes the same format as the input screen for the heat stress module.

REIRDIS

HED INFY
8.8

CINBS

P~
[1]
=
Y
k

Length (cnd:

Jncx step from base {mn):

Dianeter <cn):

Anbicnt dry bulb tenp (C):

Thrc.huld digit tenp (C)'
Tamc beginsend <hra)d

Tine increment (mine).
Rase temp init (€)@

Paze tenp £final (C):

Bace tenp tine const Chrs):
Tip tenp in~t {C):

Net rate init <W/en”3): .

et rate final <Wen™3): 5808.

Het rate tine const (hy’)- 1.3 1.3

% of eigenuvalues per step: 15 1 15 i
Heat trans coef Lxrcltip 2.12 7.12 [?.12 7.12 [?. 12 7 12 {72.42 2.12

Therral conductivity: 8.418
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Figure A30: Cold module input screen.

Although the cold module's output section has not yet been completed, the MEDINFO
top-bar menu choice is active and is depicted below. The popup menu contents for the on-
line cold weather medical reference is shown in Figure A31 (Burr, 1993). In this example,
the user has scrolled down to the Wind Chill Chart topic line. Hitting the Return key causes
the corresponding section of the altitude medical ref=rence to appear in subsequent
screens.

ﬂdmpd )

1 S - se==z OV D DIRTT &% rumncu = AN
T T s )
i PPN T AT ASPECT. OF COLU WERINEE SPERATIONS d 8.8 Hi
'} Incr ztep fron has|’l A tlandhaok for Medical G(fi=nr: i 2.8 it
i Diancce USHRIEY Tech Wote 72-4 H 2.0 !
P ashient dry bl el -n I
' Threth 1d dicit s Phosicleys of Culd Evpasues i [H S i,
ﬁ Tine beairsend)) ick ¥ ld luJuxx z i G.iv 5.6 ML
i Tl"ox INTY £ T i 14,0 F
o Hoce tron 1 G H
J T e I i
a.e weny tins ranrt for.- i
H Ti1 tenp in; - 12 !
i Met rate init (VW i 15880.8 '

et rate final CU . - : l 58290.0 ’
ot Het rate tine const]; rﬁiniWy N 1.3 i’
S0 ef cigenva.enn pall E vyuthareca 15 )
dif Hear trans coef cifl Referenc ?.12 2.372 |i

d. Trnrnrt candur B.410 :

!' inwessad Qatf o C.BL84%4C H
a ) i 1 |

Ju, : -

1 R ——— — HIEE 'iﬁ - R - - I

Figure A31: Cold module's medical refcrence topic menu
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Figure A32 illustrates the contents of the first information screen for the wirdchill sec-
tion of the altitude medicine reference. It provides hackground descriptive information
about the effective use of the windchill index.

“UIRY I L TEHFERATUP

The “wind th{lil" tenperaturc is an estiiate of the still air tonperature
that cauzec the same skin coqling a. the particular conbination of wind and /
i:ctual tenporature. For exanple. air at -18°7 blowing on the skin at 18 MPH has
fahout the sane cooling effect as -339F still air. The risk of skin freecing \
flis based on the and stracified into three zones of
Iarcending risk.

Hind Chill tabhle is on the nexes scircen

The windchill tempcrature provides a0 roughly quantitative indcy. of the
rick of freeztng injury to exposed skin. The ectinates in this table are based
lan the effact ot wind and cold on dry skin in healthy individuals with nornal
skin. Yoy slide or roatricted carcodaticn will increase the susceptibility to
ifx-:‘-ziny injurics.

E fidditional fnformation about the Wind Chill Index can bc found in Toner, M. |
!H. and Mcfirdle, W.D. "Phé;;:ioiosicn Adjuctnents of Man to the Cald", In: Pandolf}
, XK.R., Sawka. M.N. and Gonzalez. R.R. (ecs.) Hunan Performance Physiology and
%nuironggggcl Medicine at Terrestrial Extrencs. Inulsnapeliz Indiana: Benchmark
recs, .

Navigate: Pg-up. Pg-loun, tlkeys, Hone. End. Esc & other keys to exit 1,2

Figure A32: Wind chill section: of cold module medical reference.,

Now, if the user presses the down airow key or Page Down key, the wind chill chart
will appear (Figure A33)}. Such charts and tables provide on-line advisory references as
functions of operationally relevant parameters within predefined useful ranges. These
expand the utility of the overall program and preclude the need {or the user or program 10
carry cut cumbersome and (me-consuming calculations for commonly accessed data such
as the windchill index.

Hind Speed

{in MPHD 58 48 30 280 10 e -18 -2¢ -38 -48 -58 —€8
CaLn 58 48 39 28 19 8 -8 -20 -38 —48 -50 -68
S 48 3?7 27 16 6 -5 -15 -26 -36 —4? -5?7 -68
10 49 28 16 3 2 -21 -33 -46 -5D ~78 -83 -95
15 36 22 9 -5 -18 -32 -45 -58 -7 -85 -99 ~112
20 32 18 4 -18 -25 -3% -53 -7 -B2 -96 -~118 -124
25 36 15 g8 -15 -9 44 -59 -74 -89 -184 -118 -133
28 28 13 -2 -18 -33 -4 -63 -?9 -94 -18% -12% 140 1
35 2? i1 -4 -2 -35 -51 -67 ~82 -98 -113 -129 -145 x
48 25 i8 -6 -22 -37 -53 -69 -8S -183 -11? -132 140 '
e — LITILE DANGER Xﬂgﬁggﬁc GREAT DANGER
” 3

% Wind szpeeds s;cm.cr then 46 HPH have little addicional eficct.

LITTLE DANGER: if expozsure to dry chin 1s { S hrs. Greatest hazard fron
false cense of stcurity.

INCREASING DANGER: cxposed tkin nay frecze within 1 nin.

GRFAT TANGER: exposad tkin nay frceze vithin 38 srconds.

Nanigate: Pg-up. Pg-down., tikeys. Hone. End. Esc & other keys to exit 272}

Figure A33: The wind chill chart.
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APPENDIX 8: USARIEM Heat Strain Model in MathCAD

(adapted frem Stroschein, 1994

fnput Vaiables (initia! values):

Soldier; Engronment: Metabo'ic raie:
Hi = 172 Ta =350  Walls yop = 350
Wgt - M -
Ri.- 0 Walts . = 102
DiH - 99 Visp - 06
Treo = 37.0 Watls o4 = 00
Tgib =00
Tsk - 365
SkF =00
CidF - 40
Vapor Pressure Czk ulztions
1780.28¢

§W076 =

Tomr_h2% 4 (T) = 10 pressu-e of ar

Torr h20 g5 = TOM_N20 (Tsk}

- Fg‘ M 1
rcm_h2o0 ambaent -1—&)-'1“7-0!'!’_.: 120 &4(73)

1y
.

Tom_h2o skin = 45.801 Tor_f20 ambient = 21.054

-

wind (M) = Wsp - 0652-(I4  10650j

Hil

vy - tev

W

Evep gon(V) = Imev™

041 | 10643 - tigy

Soles ioirs_eticiency(V) - ic

Wind g/ Watls .o} = 158 Vind g Wa's o =08
Vel oy - Wind o "Watis 007k

Vel e - Wind gg/Vatts

/
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Clothing; Tre lim?s;

It =208 te_max ay work = 390
hve - -015 fre_may, work_rest * 385
Imc - 0.16 Tre_limit wk = 390

Imve - 020

T 2350 Furcigadecizrabor for delemmi~ng water Vapor

saturated w i waler a! a spec:fied skin: temperature

FURCLSN declaraluns for

1. catermining efective viénd spesd across the 5ody givan
acluei vand spead and metabolic rate.
2. ceterining insulabicn (clo) comected for a specied
alieclve vind spesd.
3. dotermmining evefidrativa capacly as 2 function of wing spaed
for a given clotnng water vapor permeabilly index {ims).
4. cewnmmning effcizncy with which clothing transmits solar icad
sthougt. clothng 10 the sler 25 a functon of gffective wind valctity.




ADA294006 - - - 7 mmmeme— e e

ok < "(Vel wk) Outaning stecdic vitues jor vanabies from previcusty defined functons.
it o = 1t{ Vel ra:) Subscripts wk = during work ceriod

fec = dunng rest or recovery penod
Im work © Evp m(\fd Wk)

Vel .., =158 Vel . =0\
wk mc =06 Vel = tota! effective wind veloclly across the 5oy,
" o = 1951 It . =2256 i1 = o5} elleclive Insuiation.
Im work =0.175 Im . =0.144 Im = totai sffective permzabiity.
Uk - So2r ot efficiency { Vel wk: U = eff ciercy of trarster of stlar load to the skin.

Urec - 502 o _eticiency! Vel rec

U \r'.'k =0173
U po 0226

Bea(am.kg) - 0O07IRS- ﬂgyzs*gmzs Bsa = body surface area in me.

Bsa - Bsa(Ht.Wat)

Bn =185

The forowing Dotk CONaInS 8C0ona! funci 51 O80iaia 503,

Hro(Clo) - 6. 4lj.&a_(T’a - TsK) Hre = ratiart and convectve heztaain,

o~

&

- . . _ \ Sdar. Q. ™ Sreq = heat that nzeds 1o be disspated to
Erea(Hrc, Met. Solar) - Hrc « Met - Walts 4 + Sdlar- S CidF prevent cofe temp increass,

Emax(Cevap) - 1421-Cergp-Bsa- Tom_h20 skin  TOM_h20 oueony Emax = Maximem evaporative heat
N “abscrbing capacity of the amblent at

HIC poork = H.'c.'\ it v.'0'k;'
Hrc = Hie'l ’

T o ! 1 rec,
B2 wwork - EQ HIC o, WallS yoep, U vik !
Ery o = B0 j:Hrc tec - WaHS oo U e}
Emex o - Emax (:lm work,

/ ‘.
Emax e Erex \Im X,
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PSS AP Y

Watts yyor =350

HIC work =-9.048

HIC o = 7826

Ereq e =97.174

Emex oy = 112378

EMex o, = 9259

Furzlon dedaraton for Tre!, which is the asymptctic predicied core temd.

Tref(#M,U,Hre, Ereq, BEmax .- 3675 » 0.004-M - 0.0025-U-CldF-SiF - 0.0011-Hre - 08-ep{0.0047-(Ereq - Emax))

. $ i1 e Cones Coeme 3 . 3 o
Teef . = Trd\Watts work Y wk: He work - ST york - TR \work ’; Ca'cutation of specific \ﬁxﬂcs for Tref {or work and

Tref po = Tref{Watls

Tref o = 40482
Tref oo =37.978

. recovery phases of the work-re3! oie.
U e HIE o, ERQ o, EMEX )

Otret is a funclion that adjusts the pradiclsd asymplotic core temp for atl ma¥zation measured as days in hezat (Dit). “late that
ha barat ot heat actimatzation can b2 negated by icw Emax, which represen's w evaso-aine heat

the environmeanl {8.9 as octurs nhothumd consdtions).

DTref( Tref, Emax) - (05 - 12-(1.0 - ©p(05-(37.13 - Teef}3)-(10

TrefA 4 - DTret Tref wk BT, .m( TieA

we heat acceplance sapaciy cf

T
- (- 0005 Enax

~ oo oy

0 Uir))

b)

Ry
1) \W

+iSIN o -uncquelm,cﬂaxm

TrefA oy, = 1' EMax v .0, Trefa wk,o;;. TrefA o = if(Esrax >0 TrefA ‘0}

TrefA gy = 116410

The foltywing block calculates rooommerdzd v ater 12<

-14
TrefA p =8221-10

TS SIS VTR GR TECJeSHy. retie i@l max water apsopitenis - 1.5 1wk

thercfaie, suslzined s"t..tng 21 12i2¢ >1.5 sy WX kead 1o prograssne Cepdration .tespectae of amounts of water intake
Viater (Ereq, Emex) - i¥' Emex<0, 2000 27.2 S Fay B O,

PCA S, S, :.: S oG- l..‘.x! f=1T =23 :

Swext(Ereq, Emex) - xf(w.'ater(Ereq Emax) ~>2000,2000 . (if {Water ( Ereg, Emex) < 150, 150, Waler{22g 2x1h}

water ... - 1.0567-10 9.'

L0 n—-m

Emav
o= ""‘ WOIK = “"\'VCH’

Waler o, - 1.0567-10°-Sweat j_sm o ETA )

Watzr o4 =213
Water o = 0555

Delay . - —

Deiay wk = 9943

A

v lt>» = Deddy = Ume 37 167 Drdiure @7eLiS OF SIANNG Witk €yT'e I hooosme apnatent
vV:
“ \”cfk

(o)
Ca
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i Deyyy - 3001Treo = inte! core temp.
{ 5 ~ Tretec = core femp at end of tecovery stage.

TreoC wk - TR0+ (Tref mc - TEfA o - Tm\;.OJ 94 +TeetA = core temp corscton for accimetization.
t
o2t 5 a dovtle exponentziterm
TrecC vk = 37.043 )
1. 3‘” 03-; 'rai;\'f!( - rof‘lﬂ( T k= t-sagr(::nt“vmwd-rﬂr-v_om fonmm b ares
Ky = ——— =— asyTpts.

120

K i = €17

S = cooing power 8., how muchi thammal enorgy cin te logt

P - 0015-( Bmex mc - B2 m‘ va suszt evzporzion ghen the ety sfambient air o
\ 4 absorb add-fonad vaarter vanos).

Deby . = iH{0P<0 15.13-2p{- 05 TP})

g . 1-99(355CP )
. r

P =00
Debay e = 15

K e =002
Ale wk Tre? v Tre’A whk " C wk

ATKEE - Tref o - neb\E-Tr.—;:x.

-

E-

-— _ﬁ
AT, =34

i ATre ., - TeoC .., - Tro iimi
3 wi 1 4

kax_votk_mins . Delay wk -~ — - Egndastapion for —anTum sing e oot

Kok wKiime.

.mn - TreoC wk - e _fimit ik

.\Trc- wk

i 5T o >0.4{C>0.C.0.9}

TS TERA E Fa ma sk i acn

2
- - wr % ,z :1s°tem: StuE, e Zrdiem, Shewie &6
. veit e Jrd el

Max_work_mns - H{Max sk mn

Mav wed mns =38758
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Time Series Resulis: Rest phase
t =20
At=5  tyng =30 rest twark =0 Yo = X
towitch g 1= t gy + Delay 1
tSWitch gy =23.943
tswitch
t:=0,At.tswitch oy~ i = 0. rest
At
ATre — Tref o + Tr6fA oy 720
[ i-at_30]
60
Tre, - Treo ATre m-m 104 }
37.1 . I
{ Tre'
o8 R 0 37.026
g 37.034
10 37.043
T | 7 i R
137.06 / 15 37.054
P4 37.067
125 a7.082
3704 / - — —
57.02 ! !
¢ 10 « k)

1 At
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Time Series Resuits: Work phase

tswitch \york = twork ~ Delay pe

tswitch regt = 29.943 tswitch work =55

t - towitch oy, tswitch rest + Al tSWItCh o + towifch work

tswitch
Nast =~

W
At
i-0.i jast

TreoC WK © TreIaQ(TrB)

ATre o - Tret iy + TrefA 1 - TreoG

ATre wk = 3401

/ . \
TF® ke, = Tro0C i - AT e (1 - @ (-k i L)}

{
t Tre WKi
395 T T T
20943| |37.082
/ 34943 (373
B yd . 39943] (3782
// 44943 (37857
385 o - 49943 38073
Tre / 5154 |22
_ , 59943| |38.455
B / B 64943 (3862
/ 69.943] 38776
375~ / ~ 74.943 38.917
70943  |38.046
/ , , B45m| |Bi%
¥ 20 40 60 80 100 89.943 38274
LAy tswich g 94943 [39374
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Time Series Results: Recovery Phase

ﬁl =t
tpe =0 Delay \, =9.943

tswitch s = t g + DelBY 16

tswitch o =39.943 tswitch work = t!i s

t=tt last'ﬁilast + Attt st + tswitch e

TreoC = Tre .
rec wkw{m wk}

AT'erec = Tret oy + TrefA o - TreoC o
; ATre,ec=-1.395

tswitch
. rec .
Hast - — At i jast = 7989

i j = 0.ipg Tre

Tra rec, = TreoC o + ATrR rec” - 9’@{-’( rec'(f‘c‘ﬁ)}i

394 T T T t Tre rec,
94943 | [39.374
\\ 99.043 39357
\ 104.943] 13034
oS \ 100943 30323
e AN 114843|  [30:307
=i N 119943 [39291
N 124943 |39275
23 \ N 129943| (39259
\\
3925 ! i !
&0 100 119 12C 13

swich wowt HEY
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jratary Heat L.oss nt of Tota red Heat

(Fanger, 1970; Gonzalez and Cena, 1985)

Using the inputs from the previous section: Function definitions:
E resp{M,P)=00023-M-{440 - P) Evaporative resp heal oss.
C_resp(M,T) c0.0014-M-(340 - T) Convective resp heat galnfass,
nb.:34C=932F
V/ork phase®

EL1eSp work "+ E_esp(Walls yoric, TOM_N20 apyent)
CreSD yorkc = _rwp(Waﬁs wo,k,Ta)
net E_resp york = EeSP i + G0 work
E_Jw) \Vork = 18.444
C_resp york =-049
mt__E_m 'vork = 17-954
Recovery (rest) phase:
E_resp 1o ~ E_fesp ( Watts 1o, Tom_h2o ambient)
C_resp g = C_respWatts o, Ta)
net £ resp s - EBSP e + C_res) e

E_resp o, =5533 This specific scenario is permitting evaporative respiralory heat loss.

C. =-0.147 The nogative sign here ind:cales tonvective hisal
8D oy g G

relatively high femperature ambient air.
net_E_resp o =5.386  The nat result for this environmental, soldier, activity senario 1s a net

aoility to dissipate body heat via the respiratory tract at a ra'e cf slightly
mote than § Watts per maler sq. of body surface area.

{ gain due to inhaiing fhe

: > t cumulating body heat lead
_ WO 0 = 9611 The percentage of accumulating body heat loa

Ereq uring the work phass that can be dissipated va
viork fespiration
Bea-net_E_resp e Tre percentage of actumulating body heat load
————— 2100 = 10117 during the rccovery phase that can be aissipated via
Ereq e resgpuaton.
68

ADA294006




ADA294006

Wats yyori =350
HIC gy oric =-9.049
HIC e =-7.826
Ereq yyqr =340 951

Ereq o =97.174
Emex o = 112374
EMax g, = 9259
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APPENDIX D: Hypoxia Modet in MathCAD

t -0.15

inputs > Alt o, = 250
R - 08
Fio2 = 021
PACQ2 - 40

{Kessler, 1980)

Resplratory quctient o7 resp. sxchangs iatw: COZ producioniOZ upiake

Since diffusion of CO2 thraugh the avedlar membrane 1s very rapid,
the PaCC2 and PACO2 ¢o not signicanty differ ang are there‘ore used interchangeably.

Body cere temp in ceni grade

Bicod pH
Piasma bicart ize!
Hemogloebn gmsf1000¢

Hemstoont

For ¢:s alsiuds range the barcmel-c prassure 1s

f

]
Prrm}-ig‘ .7‘

A

Insrired G2

- - ) . - - . -
5255 ° Ancw noicales vestozaton (e, the Sporatons in tha &

saionaa S OPLidLans i wie 64
Alt m ) 760 pederned on eacn elament in b2 At vector)
44364235, !

’

PiO2 - FlOQ-.memHg - &7

DO2 a5 =5 Thoawedar pu vencaspads i £oac ant, parzty < 10 mm=G

The a veo'ar pantal poossure of 02 ¢

1 FO2:{1 B

PAO2 - FIO2 - PACO2- ——
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The arterial O2 partia! pressure:

PaCe; = if{PAO2;>D02 p,,PACZ, - D02 p,.00)

Calculate an effective Pa02 1o enabils the use of standard Hb d ssociat'cn curve whan
core temp, blood pH, and PaCO2 are riot at standard levels.

0024-{37 - T et + 04-(PH - 74} 0.06-(105(42) - So5{PsCT2})

Pa02 giiceve = PE02-10

1 2
u:= (0.00925-PaCR gifecse - 0.00028-Pa0R oo oo

’
<0 oy .. . 3
+ 00085 PP e e

‘ u
O2sat, = if| Pa0R,210,-- ' - ,0.008683-PeOR gyrartris - 0.000584-{ PaCR oo '
. , \

Y 20
i 1- U‘ i

[V |

02 gy = 1.32-Hgb-O2sat
o2 Hg o 02100 biood
To dztemire cissolved 02.
S0l et = 00058518 - 00001266°T yp - 00000013-T e
S0l et = 0,008
@2 gssoved - S goet PR
@2 gosoned oc 02/1C0:c bioed

Totai O2 cartieg:

Q2 capacty - @@ Hob * O dssobvad ¢, oaiz0c

A IC
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About 23% of blocd CO, combines with Hgb 16 o carbaminchemegiom (MUTC,)

% is m the C'ssolved form
* 0% isin the form of bicarberate ions (HCOZ!

pK 4 - 61

02 piooq = 0.08-PaCOR 002 g =12

i HCOg 1}
pH - pK 4 - logj——-—~1 pH =7401

i

oK - 6.086 -- 0042-(74 - pH) + (:«8 T oo (00057 0.0014-(74 - pH))
/

oK = 6.0

R o . g '
CO2 sty - 00307 - QO0OS7- (T T ol 000002 - T

002 soiubility =003

fg . qnipH- oK
COZD!OOd = 00250,ubﬂm,-PaOO2-_ T+ 10~ 1

o2 blood = 26322 ¢ 023000 biacd

FOB - 0590 - 02913-(7.4 - pH) - 00844-(7.4 - pH)°
FOB =053
FRB - 0664 . 02275-(74 . pH} 0053074 &f°
FR3 = 0654
The celt (r=0) o plasma ratc /CPRAT) for dissoved COZ is g venby

CPRAT . FOB . (FRB FOB)- (1- Oal)

(0874 e © CPRAT-CO2 tlood o COZALCs brood

( g
mz a " 1mw2rbc - f - —_ m? tkﬂd oz C3271{0ss bosd
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Tno anadz O2 gp

PXR - 11PACR, >DOZ 5,.PAO2, - D02 ,, GO

77

ADA2340Ce

melers
Atm Prmbg pop  pae, Ozt By, Passoves, i, P pasms,
G 760 14973 {96831 [965904 205 02985 18287 22706
0 737758 1145059} 192.159; {95452 20.391 0281 18.406 276
500 716.047] | 1405 876 95923 20267 0267 18545 2822
750 694.855] | 136051 {8315 {95304 20.124 0253 18.703 22896
1000] 1674.174; |131.707] {78807 194578 1096 024 18.8%9 22082
1250] (653.9%5] |127.468] |74569; [93.724 19.762 0227 18.124 23.083
1500] 1634.308] 1123.335; |70435] {92718 19546 0215 19.388 23002
1750} {615.103] {119.302] {66402] |9i531 19237 0202 19.701 23343
2000] 596371} 1115368 |62468] {90.128 18982 0.19 2007 23509
2250; {578.105] 1111.532] 158632 1884692 18625 0.179 20507 23.705
2600] {560294] 1107732} 154892 166509 18204 0.12 21023 23937
2750 542931 {104.145] {51245! |841S5 17711 0.156 21632 24211
3000 526.004; (100531} 147691 81472 7132 0145 22349} 24534
P30 500508 | 97.127§ 1442277 {78279 16456 0135 23.189 24912
3[500]  1493.434] | 93751 |40851] {74.563} 15671 0.124 24.167, 25352
0] 4777737 | 904621 |375521 170275 14767 0114 25206 5%}
53 105 £
A ~
- -\\ \ _\
\ m, = ..
Prmkg, 500 = N 5 s
H § - .
. \\‘ __mi-ICL ~..
500 iy
i
e o —
¢ %% & 9 200 400
ALy m"’i
i=0.20
P!OZ‘ = 104
Thagha0'a partal vossuzs o 02
PAC2 - Pioz  Pacoz. P02 Ri
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e g mame ot - emy

U = {000025-PaCR cpiorsce + QL002B-PAR e o + 000IR0E-PR s

02, - iy P2 210,

u

1-u
[

PIC2, PR,
0 0
10 | 0
2] C
T 0
20 0
50 | 0
) 71
70 ETR]
80 271
(e3) 371
10 iz,
1101 571
129 671
13 77
10 871
150 971
10 107.1
17}3_, i1
18 1271
10 137.1
200 1471

.C006663-P=02 efect, - 0000582 FaR e }‘

g

»ut

niojojojalolo

g7.668
98165
QR S5
£e.845
%0658

00R4-{37 - T ooyp} < 04-10H - 74} - COS-1021<0) - OGIPAXR))
Pl gty n - PAR-10 . ! ) -

P

4

P2 etectie 1.y
0 0

o ]

G 3

c 0

0 ¢

] 0
7.107 0083
17.116 0283
27.126 {0516
3r155 097
47145 081
57354 ! 0B77
57 109 0513
77373 0343
87.183 0952
57192 ‘07903*
107262 0977,
117211 0962
127221 115 3
137, ao8g
1972 i s
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The O2 saturation curve as Jven by the preceeding equations’

100

ozsat, g
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APPENDIX E
ANNOTATED LIST OF |IEEE SOFTWARE DEVELOPMENT STANDARDS

Software developers should be familiar with general contents and scope of the
specific project relevant software standards (Solomond, 1995). As defined by the
Microsoft Press Computer Dictionary (Doyle, 1994), computer standards are:

... a set of detailed technical guidelines used as a means of
estabishing uniformity in an area of hardware or software
development. Compu*er standards have traditionaliy
developed in either of two ways. The first, a highly informal
process, occurs when a product or philosophy is developed
by a single company and, through success and imitation,
becomes so widely used that deviation frorit th.: norm
causes compatibility problems or limits marketanility. ... The
second type of standard setting is a far more formal
process in which specifications are drafted by a cooperative
group or committee after an intensive study of existing
methods, approaches, and technological trends and
developments. The proposed standards are later ratified or
approved by a recognized organization and are adopted
over time by consensus as products based on the
standards become increasingly prevalent in the market,

Well-known and highly respected professional organizations that promulgate
software siardards include the American National Standards Institute (ANSI), the
International Standards Organization (ISO), and the Irstitute of Electrical and
Electronics Engincers (IEEE). These software development standards are independent
of specific applications and programming languages. They provide general guidelines,
recornmendations, and suggestions for methodologies, documentation, processes,
organization, resourcing, and task d-composition for all phases of the software life
cycle.

The majority of IEEE software standards are not lengthy and, contrary to what
might be expected, not difficult to read. This is due to the generality of the standards,
and iheir logical organization, straightforward definition of terms, and liberal use of
diagrams, tables, and examples to enhance understanding of the text. These standards
are not ponderous and can be quickly reviewed. They often include checklists to
expedite rapid assessment of the various components of the control and quality effort
comprising software design and documentation.

Below is an annotated list of many of the current IEEF -oftware deveiopiieii,
maintenance, and testine standards (The Institute of Electrical and Electronics
Engineers, Inc., 1994).
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- [EEE Std 610.121990
(Revision and redesignation of IEEE Std 729-1983)
Standard Glossary of Software Engineering Terminology (ANSI)

- |[EEE Std 730-1989
(Revision of IEEE Std 730-1984 and redesignation of IEEE Std 730.1-1989
Standard for Software Quality Assurance Plans (ANSH)
This standard provides guidance for the contents of a software
quality assurance plan for the development and maintenance of
critical software. Critical software is software used in such manners
or locations in systems that errors or failures may lead to injury,
damage, or significant financial or social losses.

- IEEE Std 828-1990
Standard for Software Configuration Management Plans (ANSI)

This standard provides guidance for es.ablishing the contents of a
software configuration management r" in. Configuration
management involves the identification. control, and
documentation of the critical elements of a software project.
Critical software project elements include design documents,
performance and technical specifications, uata structures, source
code, and user manuals. Configuration management controls and
documents the most current status and history of a software
project. This facilitates the coordination of diverse software
development resources in order to efficiently achieve customer-
driven specifications, identify and control costs, assist with
iroubleshooting, and develop training and user manuals. An
impo:tant configuration management control technique employs
change requests. With this method, development team members
must obtain approval of change requests from the project or team
leader prior to deviating from established design, implamentation,
or documentation guidance. {f change reguasts are approved, a
configuration management auditing process ensures that all
secondary changes due tc the prirmary change are made. For
example, a change in software outputs requires that this change
be reflected in the design and user documants,

- |[EEE Std 829-1983 (Reaff 1991)
Standard for Software Test Documentation (ANSH)
This standard provides guidance for developing the contents of a
test plan, test-design specification, {est-case specitication,
test-procedurzs :pecifications, test-item transmittal repor, test log,
test incident report, and test summary report. Appendices provide
an example of each of these test contro! decumerts,

- |EEE Std 830-1293
Guide to Software Requirements Specifications (SRS) (ANSI)
This standard provides guidance for developing a document that
specifies the functicnal and performance requirements as well as
the attributes. design constraints, interfaces, and responses of a
proposed software product or program. Interface functionaty and
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performance requirements should be specified for interfaces with
other systems, the user, hardware components, other software,
and communication ports and protocols. Software performance
requirements should be assessed for the following properties:
completeness, consistency, importance ranking, probability of
change, verifiability, modifiability, and tracibility. Eight alternative
methods of organizing the requirements in the SRS are described.
The SRS is developed with the customer and is tracked in the
configuration management process. Rapid prototyping may
facilitate delineation of recuirements, feasibility, and risk
assessment. The SRS shauld only specity targets for performance
and functionality; not the development processes that are
elaborated in separate design documents.

- |[EEE Std 982.1-1988
Standard Dictionary of Measurss to Produce Reliable Software {ANS!)

Defines thirty-nine scftware reliability metrics primarily in terms of
functions of the number of detected errors, faults, and failures;
completeness and consistency; complexity; and risks, benefits, and
costs. These measures are categorized in terms of the product
itself or the product development and maintenance process.
Reliability measures are defined with respect to the type of
application (what it is useful for), primitives (what data elements are
required), and implementation (how fo process and present the
data).

- |[EEE Std 982.2-1988

Guide for the Use of IEEE Standard Dictionary of Measures to Produce

Reliable Software (ANS!)
This standard provides a constructive approach to embedding
reliability into software products at every step of the software

" product life cycle. Measures of reliability are tunctionally

classified into product and process measures. The product
Ife-cyle stages at which these measures of reliability are most
relevant is also delineated. Recommendations are provided for
the administrative, monitoring, and reliabifity measuremant
structures, procedures and documentation. The dynamics o}
faults and errors are discussed. Eleven figures are provided that
graphically depict software reli.bility models, strategies,
interrelationships of causative factors for errors and fauits, and
process controi schemes. Additonally. *here are tables ior
measure classificatior, complexity assessment, reliability
managament contrcl, ang risk-berefit and cost evaluation.
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. IEEE Std 990-1987 (Reaff 1992)

Recommended Practice for Ada* as a Program Design Language (ANSI)

This standard provides high-leve! recommendations for
programming design languages (PDL) that use Ada programn.ing
language constructs. Ada-oriented PDLs ure used to develop
data and object structures, data value constraints, permissible
operations on objects, and algorithm specifications and designs
primarily, but not exclusively, to support Ada implementations.

- IEEE Std 1002-1987 (Reaff 1992}

Standard Taxonomy for Software Engineering Standards (ANS)
This standard provides basic and comprehensive ordered
classifications of standards according to functional and lifecycle
aspects of the software development process. The basic types of
standards are process, produc,, profes-ional, and notational.

Trese taxonomies provide application independent frameworks
for assessing, categorizing, and comparirj the content and scope
of different software standards

- {EEE Std 1008-1987 (Reaff 1993)
Standard for Software Unit Testing (ANS!)

This standard provides a recommendea process for
requirements-based testing of software modules. The
pracess Is defined in terms of phases, activities, and tasks.
General and specific test plans should identify the
input-output data elements that need to be measured and
the tasks that the sofiware tester needs to perform on the
test data.

- {EEE Std 1012-1986 (Reaff 1932)
Standard for Sofiware Verification and Validation Plans (ANSi}j
This stardard provides recommendations for the contents
of a software venfication and vaiidation (V&V) plan. V&V
plans should include the V&V organizational structures,
schedules, resource recuirements, partitioning of
responsibilities. and techniques and 1ocls. Several figures
and tables illustrate how V&V tasks celate 1o the different
phases of the software Iife-cycle mcael.

- |IEEE Std 1016-1987 (Reaff 1293)
Recommended Practice tor Software Design Descriptions (ANSI)
. his standard provides recommended contents for
decumenting the de<ign of sciware modules and their daia
and related processes. Contents should exp!aia and
flustrate how project speciiications were decomposed into
moduies of data struc.ures and functions, explanations of
the functions and their arqument Iists (interfaces), and how
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modules are interrelated. A detailed design section for
each module defines data elements and the algorithms
utilized in the different functions.

- |EEE Std 1016.1-1993,
Guide to Software Design Descriptions

This standard provides altemative software module design
representation methods based on the selected design
method. A design method may be preterentially oriented
toward data structures, function, objects, programming
design language, or real-time capabiiities. Each design
method should specify a module's identification, type,
purpose, data, functions, subordinates, dependencies,
interface, and resources. Module descriptions should be
scaleable {from high-level, low-resolution views to low-level,
high-resolution views. Design representations include
structure charts, data flow diagrams. data dictionaries, data
flow context diagrams, process specifications, pseudo
code, state transition diagrams, transform specifications,
screen layouts, and requirements traceability matrix. Terms
are defined.

- IEEE Std 102P-1988,
Standards for Software Reviews and Audits

This standard provides guidelines for conducting project
management, technical, and software reviews, inspections
and audits. Reviews and inspecticns evaluate the software
development plan, design documents, and source ccde o
detect errors. inconsistencies, and incompleteress. Aud:s
determine compliance with suggested changes.
Responsibilities of the review and zudit team members and
the processes that they should follow are delinealed.

- |EEE Std 1042-1987,
Guide to Software Configuration Management

This ninety page standard suggests the management
structure, processes, and tools for controiling the design,
implementation, testing, and maintenance of software
products. A configuration plan must first be established. Its
complexity wili be determined by the nature and extent of
the proposed software. Large projects requi-e a highly
structured approach, while conf:guration management for
small or procf of concept projecis may be primarily infc ‘mal.
Appendices provided sample configuration management
plans for these fwo types of projects.
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- IEEE Std 1044-1993,

Standard for Classification of Software Anomalies
This standard appiies to the detection, investigation,
correction, and administrative aclivities associated with
errors or inconsistencies in specifications, design
documents, source code, software performance or other
aspects of a software program. Anomalies can be
prioritized within the following categories of potential
adverse effects: severity, customer vaiue, mission safety,
project schedule, project cost, project risk, quality and
reniability. and societal. An example for an anomaly
reporting data base system is presented in the appendix.

- IEEE Std 1045-1992,

Standard for Software Productivity Metrics (ANS!)
Tnis standard defines measures of productivity and
consistent ways to cescribe or categorize software projects.
Productivity is the ratio of output to input. Oulput often is
comprised of lines of code or text Input typical has units of
person-hours. The standard provides quidelines for how to
count lines ¢f code or documentaticn. Input and output may
t= classified as deliverable, nondelivzrable, or supporting.
Sofiware projects may be characterized according to the
qualfications and experience of the development team
members, complexity, criticality, innovativeness, design and
developmental corcurrency, and extent of user
participation. These characteristics can faciiitate the
objective compatison of different software projects.

- IEEE Std 1058.1-1387 (Reaff 1333),

Standard for Softwarz Project Management Plans (ANSI)
This standard icentifies the arganization and contents for a
project management pian. The following should be
provided: an introduction, project overview deliverables,
project management structure, responsibilities. prccess
model with milestones, methods, too!s and techniques,
soitware documentation. schedule, budget, references, and
definitions.

- IEEE Std 1059-1983

Guide for Software Verification and Validation Plans (ANSI)

This standard provides recommendations for the structure
and centents of a software verification and valdation plan
(SVVP). Tne intent of a SV VP is to provide the guidelines
for a quality assurance process that detects zctual or
potential software errors. ensures that the performance
speciicatons are achieved and that the product is safe
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when used for critical applications. The SVVP also defines
the management structure. allocation of roles and
responsibilitic 5, and resources required for V&V. it also
indicates how software changes will retroactively impact on
the V&V effort. The components of a sample SVVP are
provided in the appendices.

- IEEE Std 1061-1992
Standard for a Software Quality Metrics Methodoiogy (ANSI}
This standard provides a methadology and discusses
issues to consider when developing measurement
instruments for software quality. The relevant quality related
factors and subfactors are determined and prioritized. They™
are implemented and results analyzed. That the quality
metrics actually measure what they purport to measure znd
are effective in improving software quality must be validated
to ensure their relevance and effective use.

- [EEE Std 10621993

Recommended Practice for Software Acquisition (ANSI)
This standard first reviews the phases {p'anning.
contracting, product implementation. product acceptarce.
and follovs-c~) and milestones in the software acquisition
cycle. A nine-step flexible algorithm is then presented for
acquiring quality scftware. An grganizationa! strategy is
suggested fcr controlling the software acquisition process.
Specific activities inciude assigning roies and
responsibilities, delingating software requirements.
surveying suppliers and availacle products, scliciting RFPs,
anc negoliating contracts. The scizcted supplieris
subsequently momitored for proguct quality and adherence
to specifications. A software acceptance plan is
imolemented and usar satisfaction evaluated. Various
checklists are provided in the appendicas for use in the
different phases of the software acqursition process.

- [EEE Std 1063-1987 (Reatf 1993)

Standard for Software User Documentation (ANSI)
This standard recornmends a format and genera! conten!
for user manusals. it requires analysis of the type of
software and s interface properties and functicnaiities. The
reievant charactenstics of the main documant user groups
must be explicitly identified and utilized in designing the
doccuments. The usage mode (instructional versus
informational} also has considerable impact on content,
format. and organizaticn. A list of thecomponents for a
user manual is 2'so provded.
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- |EEE Std 1074-1991
Standard for Developing Software Life Cycle Processes (ANSI)

This standard provides guidance for a comprehensive
software deveiopment process. A software life-cycle model
(SLCM) is selected that is appropriate and efficient for the
particular software 1o be developed. A hierarchy of
necessaty aciivities are defined for various process
categories (e.g., project management, deveiopment,
verification ard validation, operations and suppo1,
documentation, installation, training, maintenance,
retirement, and conhiguration management). Requisite
inputs, siandards, taskings and resources, outouts, and
performance metrics are assigned to each activity. The
selected SLCM seives as the framework for organizing,
coordinating, tracking, an. controlling all these activities.

- [EEE Std 1219-1992
Standard for Soitware Maintenance (ANSI)

This stendard provides a logica: structure for post-
development soit. are changes. Problews or upgrade
suggestions are identified, ciassified, and prioritized.
Modif.cation requests (MR) are submitted and organ‘zed
into groups of related MRs. The MRs are analyzed with
respect 1o feasbility and risk, implementation strategies,
and testing. Each of the major steps for software
maintenance is described in terms ¢f inputs, processes,
controls. and outputs.

- IEEE Std 1228-1%24
Standard for Software Safety Pians

This standard grovides process, centrol. and
documentation reconmendations for assuring that software
does not pose a salety risk. The safety issue must be
integrated into the software develcpment effort from its
inception. Safely requirements must be Jefinedin the
context of the entire system and operational
environment(s). Salety critical equations, algonthms, data
constraints, functionalities, and timing must be identified.
The software is designed and imp:emented to satisfy the
salety requirements. These are documented, as are the
test resulis.
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APPENDIX F: FLDMED DATA STRUCTURES

[P0RA R0 RRPENERRFANRTRESERPNERENRARAVCAELOFFARECNIFSLETRENAEOOCOREIRE
‘

Data definitions and function declarations
to support the heat strain module

--'--nn"..no-nvt¢1nAsatnﬁaanlnﬁﬁ.n.iﬁto.nt'ﬁ.ntoattn.toftt-'t't'tntﬂt'ttt/
enum phases_enum
{
rest=0,
Hork=1.
recovery=2,

)i

enum activity_enum{ marching =1,
task_lisi=2,
Juer_defined=3};

enum forms_enum {allinput_form,
clothing_form,
environ_iorm,
pers_form,
activity_form,
marching_form,
data_set_form,
nutrition_form,
threshholds_formj;

enum graphi_type_enum {ire_graph,hr_grapn.sweatirate_graph.totsweat graph.
ca: uaity_ber_chart.racually_pie_char,misc);

enum option_choice_enum { cne_graph_per_scr=1,
four_graphs_per_scr=2,
exit_options=3 },

struct nutrition__struct
{
int num_mres;
float sodium ma:
float food h2o0;
float cals;
float wgt gms;

L

struct nutritionbuft_struct
{
chzr num_mres[3}:
char sodium_ma{7};
char foog_h20[71:
char cals{7}:
charwgt gmsi7};

}:
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struct input_struct
{
int num_troops;
float hat;
float wat;
float days_accl;
enum activity_enum activity. type:
int activity_list_num;
float met_rate;
float marcti_mph;
float grade;
fioat load;
float miles;
float tot_work_mins;
float tot_allovied_mins;
fioat work_mins;
fioat rest_mins;
float qts_water_per hr:
ficat temp;
int solar;
fioat tre_init;
float avg_skin_temp;
float tre_max_allowed:
float hr_init;
float init_denydration: /* percent */
float rk;
ticat wind_miph;
float 2ercent_max solar_load:
float errain_caoef:
int ciothing_chsice:
float clo_itc:
tioat clo_coel_itvc;
fioat evap_perm_imc:
float evap_perm_coe* imvc:
{loat output_interva! mins:
float init_res®_dur:
fioat last_rec_dur:
7 float altitude;
fioat mg_pyrido_géhts; **/
struct nutrition_struct nutrition:
)

struct inputbuff_struct
{

char num {roogs! i0};
cher hg![7]:
char wgi[7};
char days_acci7];
char activity{14];
char met rate{7};

#** char mg_pyrido_q€hrs!7;; )
char march_mpok[5);
char gradef5];
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char miles[7};

char load[7];

char tot_ work_mins[7];

char tot_allowed_minsi7];

char work_mins[7};

char rest_mins[7];

char qts_water_per _hr{5]:
cnar temp[77;

char solar[15};

char tre_max_allowed{7}:

char tre_init[7];

char avg_skin_temp{7]:

char hr_init{7];

char init_dehydrat'a1.!5];

char thi7];

char wind_mph{7];

char percent_max_sotlar, load[7};
char terrain_coef]5):

char clothing[35}

charclo itc[7]

char clo_coef_itvc[7]:

char evap, perm_imc[7];

char evap _pem_coef_imvc|7};
struct nutritionbuft_ struct nutritionhutf;

¥

struct threshhoid_struct

{

float tre;

fioat del_tre;

float hr;

float dehydration;

char tre_bufi[7}:

char dei_tre_bufi{3};
char hr_buf{7];

char dehydration_buf{ 5}
2

struct clothing_struct

1
1

int menu_num;

char namei35]:

float clo itc;

float clo_coef_itve:

ficat evap_perm_imc;

flcat evap_perm_ccef_imvc:
k%

struct activily_struct
]

A

it menu_num:
char namef35};
flcat watts;

|3
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struct phasedata_struct

{

enum phases_enum phase;
float phase_dur;

}:

struct options_struct

{
int batch;
int current_run_num;
int output_file_units:
int num_graphs_per_scr;
enum graph_type_enum graph_type:
‘.

sruct output_struct

1

int num_points;

enum phases_enum phase[300);
float t{300};

fioat tre{300j;

float tre_max;

{loat tre_max_at_hr;

fioat hi{300};

fleat hr_max;

fioat hr_max_at_hr;

tioat sweatrate!300};

ficat sweatrate_max;

fioat sweatrate_max_at_hr;
float cumulative_sweat[300):
float net_its_water_loss{300);
float percent_ dehydraled:
float sweal Na mg;

float perceni hez: casuzities:
fioat num_heat casualliss;
float gis_water drank;

float min_tot_drinking_water reguired;
float tot_ihrs_required;

{ioat max_work_mins:

float max_rec_mins:

float num_cycles:

tloat environ_cooling_pow:;

¥

struct io_data_struct

1
3

struct input_struct inputfd);

struct inputbuff_struct inputbuif[4]:
struct tnreshhold_struct threshheld;
struct oplions_struct oplions;

ADA2v4006

int calculated[4), 7 O=not since last entry, 1=usto date *:

struct outpu?_siruct output{d];
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Data definitions for the altitude module

sinciude <vid.h>

#detine igt_blue FG_IIFG_B

#define Igt_grezn FG IFG G

#define yellow FG_IIFG_RIFG_G
#define igt_red FG_IIFG_R

#define red FG_R

sdefine white FG_HFG_R'FG_G'FG_B
“Jefine magenie FG_RIFG_B

#define yes 1
fgefineno O

Fdefine MAX_EVENTS 10
#define MAX QUTPUT_ELEMENTS 30
&define NUM SETS 4

#define NUM GRAPHS 4 * Tgt_ P, PlO2. Pa02, 025al see Alt_grat.c */

struct event struct

{
t

int type_index;
int day1;

int dzy2;

int altt;

it alt2;

char typebuff{gj;
char day1bufiis):
char day2bufi{5};
char ait1buii{7}:
char alt2buif[71;
¥

struct input profile struct
{
struct event _struct eventjitAAX EVENTS]
int num_events;
int current_event;

¥

struct input_pzaramsier_stuct
{
fioat hgb;
ficat hct:
fioat pH:
tioat HCO3:
iioat tre;
float resp_ratio:
float FIO2;
float PACO2Z:

Job 8995 Fiche 1 06/089/95
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float Aa_diffusion_grad;
char hgb_buff(7];

char het_bufff7);

char pH_buff{7];

char HCO3_buf{[7];
char tre_buff{7];

char resp_ratio_buff[7};
char FIO2_buff{7);

char PACO2_bufi{7];
char Aa_giffusion_grad_buff[7);
int calculated;

X
enL™ output_type_enum

Pmbar=1,
PmmHg=2
k

struct input_struct
{
struct input_profile_struct profile;
struct input_parameter_siruct parameters(4);

3

struct output_struct

char *diffmsg; /* one liner wrt which inputs are different acioss sets ™/
enum output_type_enum output_type;

int num_vals;

float x_val[NUM_SETS[MAX_OU rPUT_ELEMENTS}:

float y_val{NUM_GRAPHS)[NUM_SETSIIMAX_OUTPUT_ELEMENTS];
b
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Data definitions for the cold digit module

'."'ﬂ"Q"ﬂ...lﬁ"tﬁ’*l"i't!.it..ttit-'i'tw*i.ﬁ*t!iO..ﬁ‘tl.’*'*'l..’!t""

struct input_struct

float length_cm;

float z_incr_mm;

float dia_cm;

float Tdb_C;

float T_thresh_C;

float time_init_hrs;

float time_stop_hrs;

float mins_incr;

float T_base_init_C;

float T_base_final_C;

float T_base_time_const_hrs;

float T_tip_init_C;

float met_rate_init; /* Watts/m~3 */
float met_rate_final; /* Watts/mn3 */
float ret_rate_time_const_hrs;

int num_eigvals;

float hi_circ; /* heat transfer coef at cylinder circumferential surface

Watts/(m»2*C) */
float h_tip;

floatk; /* avgthermal conductivity of digit issue W/(m*C) */

float LL;

float area;

float Bi; /* Biot modulus */
float tau:

float rho;

float d;

b

struct inputhutf _struct

char length_cmi[5};

char z_incr_mmi5);

char circ_cm(5);

char dia_cm{5};

char Tdb_C[6];

char T_thresh_ CI[5);

char time_init_hrs[6);

char time stop,_hrs[6];

char mins _incr[5];

char T_base init_C[5],

char T_base_fina! C[5);

char T_base time_const_hrs{5];

char T_tip_init_CI[5);

char met_rate_mnit[8]; /* Watls/m"3 */
char met_rate_f{inal{8]; /* Watts/m”3 */
char met_rate time const_hrs{5];
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int num_eigvals[3];

char h_circ[5]; /* heat transfer coef at cylinder circumferential surface
Watls' n"2°C) */

char h_tip[5];

chark{6]; /* avg thermal conductivity of digit tissue Wim*C) */

K

struct options_struct
{
int batch;
int current_run_num,
int output_file_units;
int num_graphs_per_scr;
enum graph_type_enum graph_type;
h

struct io_data_struct
{
struct input_struct input(4];
struct inputbuff _struct inputbutf[4];
struct options_struct options;
int calculated[4]; /* O=not since last entry, 1=up to date */
f** struct output_struct output{4];, **/
h
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Default Input Values
I. Altitude Module:

Hemoglobin (gms/100cc): 14.5
Hematocrit (%): 45.0

Blood pH: 7.4

HCO3: 24.0

Blood temp {F): 98.8

Respiratory ratio: 0.8

FIO2 (%): 21.0

PACO2: 40.0

Aa diffusion gradient (mmHg): 5.0

Default ascent profile:

Event  Alti(ft) Alt2(ft) from Dayi to Day2
Ascend 0 10,000 1 5
Remain 10,000 10,000 5 15
Descend 10,000 0 15 20

il. Heat Stress Module:

Number of troops: 100
Average height (inches): 70.0
Average weight (Ibs): 160.0
Days acclimatized: 0.0
initial core temp (F): 98.9
Average skin temperature (F): 96.8
Initial detydration (%): 1.24
Clothing: BDU
Total insulation (clo): 1.25
Clo air velocity correction coefficient: -0.20
Evaporative permeability: 0.38
Evap perm air vel correction coefficient: 0.38
Dry bulb temp (F): 95.0
Relative humidity (%): 20.0
Wind speed (mph): 2.0
Solar exposure during work: Full sun
Solar exposure during rest: Shade
Metabolic rate (watts): 247.0
Activity description: Light
If ‘Marching' is the selected activity, met rate is calculat2d using the foliowing
defaults:
Rate of march (mph): 3.0
Distance (miles): 12.0
Grade (%): 2.0
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Load (Ibs): 20.0
Total amount of work required (mins): 240.0
Max allowed time to complete the work (mins}): 500.0
Work-rest cycle  Work (mins): 50.0
Rest (mins): 10.0

Drinking water (qgts/hr): 0.0
Meals per day: 3
Sodium per meal (mg): 1822.0
Water content per meal (cc): 221.0
Calories per meal: 1343
Weight per meal (gms): 463.0
Thresholds:

Core temperature * °F); 102.0

Rate of change ¢ sore temp (°F/5 mins): 3.5

Heart rate (beats per min): 180

D=hydration (% of body wgt): 3.0

. Cold Digit Moduie:

Digit length (cm): 8.0;

Axial calculation increment (mm): 2.0

Digit circumference (cm): 2.0

Ambient temperature (C): -5.0

Theshold digit temperature (C): 5.0

Initial time (hrs): 0.0

Final time (hrs): 5.0

Time increment (mins): 15.0

Initial digit base temperature (C): 30.0

Final digit base temperature (C): 20.0

Base temperature time constant (hrs): 1.3

Initial digit tip temperature (C): 20.0

Initial digit tissue metabolic rate (W/mA3}: 15,000.0
Final digit tissue metabolic rate (W/mA3):  5,000.0
Metabolic rate time constant (hrs): 1.3

Number of eigenvalues to use in the calculations: 15
Heat transfer coefficient for the circumference surface (W/m~2/hr): 7.12
Heat transfer coefficent for the digit tip (W/mA2/hr): 7.12
Thermal conductivity (W/m/C): 0.418
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APPENDIX G: FLDMED FUNCTION TREE DIAGRAM

ait.

ait_inic.
alt_calc.
alt_graf.
alt_info.
events.c

[0 o I ¢ B 0]

eventsort.c

Fldmed.c

tre.c

tre.h

cold.c

tre_init.c
linefrm.c
get_input.c
tre_hr.c
trefunc.c
tregraf.c
tre_frms.c
tre_out.c
tre_outZ.c
pgset.c
print.c
prt_scr.c
terles.c

cold.h

coldinit.c
coldout.c
cléinfo.c

Figure E1: Tree diagram of FLDMED functions.
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FUNCTIONS IN THE FLDMED SOURCE FILES

FLDMED.C
main()
-- the FLDMED's main function that loads first and initiates the program. It generates a top bar
ment that allows the user to go to the altitude, cold exposure, or heat strain modules.

ALT.C

int alt()
— the top-tevel altitude procedure. It manages most of the menus and routes requests invoiving
numerical processing and file handling to subordinate functions,

ALT_CALC.C
int calc_output(struct input_struct *p, struct output_struct *output)
-- calculates the barometric, alveolar, and arterial O2 partial pressures and saturation.

ALT_FRMS.C
void alt_input_by_line(struct input_struct *alt_input, int input_line)
-- accepts the information associated with stages in the ascent-descent profile.

ALT_GRAF.C

int graph_output(struct output_struct *output)
-- produces presentation quality graphs of barometric, O2,and arteriolar O2 pressiies and
arteriolar O2 saturation.

ALT_INFO.C
int show_alt_info(int topic)
-- displays the selected med info topic text screens.

ALT_TBL.C
void init_alt_input(struct input_struct *input)
-- initializes the altitude profile an physiologic parameters.

void write_current_alt_input(struct input_parameter_struct *input,int columnj
-- writes the physiologic inputs to the screen in column format.

BLANK.C
void blank_inputbuff(struct inputbuft_struct *inputbuff)
- blanks the input data leaving the background screen.

CHKFILES.C
int checkfiles()
-- checks to delermine that ait necessary files are in the cument directory. If not, alerts the user
by listing the missing files on the screen and also writes that list o a text file for print outs.

EVENTS.C
int get_alt_profile(struct input_profile_struct "p )
-- generates a pop-up data input window for constructing a cusicm ascent-descent profie.
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int draw_profile(struct input_profile_struct *profile)
-- updates the current ascent-descent profile after a new profile segment is entered.

EVENTSORT.C
int sort_events(struct input_profile_struct *p)
-- sorts the ascent-decent profiie segments (events) to avoid altitude or time disconiinuities.

int compare_event_dates{ struct event_struct “eventt, struct svent_struc
*event2 )
-- supoorts the sort_events( ) fun on,

GET_INPT.C
int inputdataio(struct io_data_struct *io_data)
-- generates the heat strain module's input menus.

int importinputs(struct io_data_struct *io_data)
-- imports a preconstructed set of inputs for the heat sirain module.

int saveinputs(struct io_data_struct *io_data)
-- saves the current inputs to a text input data file.

int getinitfile(struct io_data_struct *io_data)
-- imports the initializaticn input data file.

int savetoinitfile(struct io_data_struct *io_data)
-- on exiting the heat strain module saves the current input data as the new initialization file.

LINEFRM.C
input_by_line(struct io_data_struct *io_data, int input_line)
-- gllowss inputs by line in the heat stress input data orid.

LIST.C

int list_output(struct output_struct *output)
-- writes the heat strain output summary table into the screen output grid cefls.

PGSETS.C
void writeinputs_on_chart{chartenv “env, struct io_data_struct *io_da
enum graph_type_enum graph_type)
e

H ~ n 1 . 1 &
-- displays the heat strain input data sets onto unused areas of the outnut granhs,

[ 28
d,

PRINT.C
int data_to_printer(struct io_data_struct *io_data)
-- sends summary or detailed ouput data listings to the lccat printer.

PRT_SCR.C

int print_screen()
-- sends the selected graghics mode chart 12 the printer.
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TABLES.C

int show_heatstress_info(int topic)
- manages the display of the heat strain module's med info text files.

TRE.C

int tre()
-- the main function and top level popup menu manager for the heat stress module.

TREFUNC.C

float sweat_rate_func(float e_req, float e_max)
-- returns the sweat rate based on differences between the evaporative heat loss required to

maintain normal temperature and the maximum evapcrative heal capacity of the ambient air.

float t_ref_func(float met,float w_ext float e_req,float e_max float h_rc)
-- retums the predicted steady state core temperature.

fioat tre_delay_func(enum phases_enum phase,float met_rate, float CP_eff)
-- returns the lag time for effects of changes in metabolic rate when switching from resting to
working..

int find_max(float *array, int num_points})
-- a utility function that finds maximum value in output data sets.

fioat casuaily_prob_func{iicat ire_max, ficat integiation_stepsize,
float tre_mean_casualty, float tre_std_casuaity)
- returns the percent or likelitood cf hea! stress casualties based on the calculated maximum
core temperature.

float hr_index{float met.float e_req.float e_max,float temp_db,
float t_avg_skin,float bsa,float clo)
-- retums an intermediate index value for subsequent calculations of heart rate.

float hr_equilib(fioat i_hr)
-- refurns the predicted steady state heart rate

float del_hr_accl_func(fleat hr_f, float hro, float e_max]
-- steady state heart rate adjustment for heat acclimatization

float bsa_func(fioat hgt_cm, float kg)

-- reiumns body surface area (bsa) based on th DuBois formula.

float met_rate(float wat float load,float grade,float terrain_coef, float vel_walk)
-- returns the predicted metabolic rate for marching.

float external_work(float wgt,float load, float vel_walk float grade)
-- returns the energy dissipated as external work when marching.
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float eff_air_vel_func(float nominal_air_vel, float met_rate)
- returns the effective wind velocity which includes ambient wind plus the relative wind
associated vith the activities at the given metabolic rate.

fioat clo_func(fioat itc, float itvc, float eff_air_vel)
-- returns clothing insulation (clo) value corrected for wind and motion effects.

float evap_impedance_func({float ime, float imvc, fioat eff_air_vel)
- retumns clothing moisture impedance value corrected for wind and motion effects.

float rad_conv_heat(float temp_db,float temp_sk,float clo float bsa)
- returns amount of radiant and convective heat transfer from skin and through the clothing.

float e_max_func(float evap_impedance,float bsa, float vp_sk, float vp_air float

rel_hum)
- retums maximum possible heat loss via sweat evaporation.

float e_req_func(float met float w_ext,float h_rc)
-- retums the amount of evaporative heat loss necessary ¢ prevent heat gain.

float solar_func(tloat eff_air_vel, float itc, float itvc, int index;)
-- retums amount of heat gained from solar sources.

float eff_env_cool_power(float emax,float ereq)
-- retums the eflective cooling powier of the ambient conditions.

float vp_air_sat( float temp_db)
-- refums the predicted saturated vapor pressure of the ambient air.

float max_work_time(float t_delay, float k, float tre_init, float tref,

float tre_max_allowed)
-- retums predicted maximum work time based on a specified core temperature limit.

TREGRAF.C

void graph_data(struct io_data_struct *io_data)
- graphs ihe outputs for each input data set separately.

void graph_all(struct io_data_struct *io_data)
-- graph the cutputs for a!l four input dzta sets a3 four outnut series per granh,

D 1R

TRE_FRMS.C

int get_win_forms(WINDOWPTR wn_ptr, enum forms_enum form,

struct input_struct "input. struct inputbuff_struct *inputbuff)
- gencrates input data entry forms {o- the heat siress maodu'e.
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TRE_HR.C
int tre_hr(struct io_data_struct *ic_data)
-- the core numerical function for the heat stress unit. Calculates core temperature, hean rate,
sweating rate, cummulative sweat and fluid losses, and casualty predictions. Loads the O
data structure with the simulated time and corresponding results.

TRE_INIT.C
init_input(struct input_struct *input, struct inputbuff_struct *inputbuil)
- initializes the default heat strain module input data structures if an initialization data file cannot
be found or if the user requests default valyes from the input menuy,

copy_inputbuff(struct inputbuff_struct *inputbuff, int *current_data_set)
- copies heat stress input da‘a sets. This functioi: is not currently utilized.

TRE_OUT.C
write_current_input(struct inputbuff_struct *inputbuff,int column)
-- writes the current heat stress inputs onto the screen input data grid.

write_output_table(struct io_data_struct “io_data)
-- writes the heat stress output summary data to the output screen outout data grid.

TRE_OUT2.C
int data_to_file(struct io_data_struct “io_data, char “output_painj
-- writes the heat strain output data structures 1o a text lile.

cowp.C
int cold_digit()

- the main cold digit furiction that cenerates the oold modu's interface,

COLDINIT.C
init_input(struct input_struct *input. struct inputbuff_struct *inputbuff)
- initializes the data structures for the cold digit module.

COLDOUT.C

write_current_input{struct inputbuff_struct "inputbuff.int column}
- display the current inputs on the screen.

CLO_INFO.C
int show_cold_info(int topic)
- displays selected topic from mifiiary coid med.cire handicox.
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APPENDIX H
FLDMED C SOURCE CODE

./....'..IO".'... Source fi'e: FLDMED-C "...'I..l"".'..."..../

#include <windows.h>
#include <vid.h>
#include <process.h>

* #include “fidmed.h" **/
** #include “key.h"  **/

int tre{);
int att(};

char bak_grnd_screen{4009}):

main()

{

/t.oo

char *vidbuff_ptr;
char *output_vidbuff_ptr;
'"t/
static WINDOWPTR event_win. input_wn;
static WIFORM event_irm, save_frm;

F* static */ struct pmenu maip_meny=
I
t

0,

FALSE,

0.

0,

3.

{04, "ALTITUDE", 1.
0,16, "COLD".
0,24, "HEAT ",
0,32, "EXIT",
99,99,7".99

}

%

oo

enum main menu_enum{  aitiude =1,
cold =2.
heat =3.
quit =4} main meny choice;

v_cIs(BLACK<<4IWHITE);
v_border(BLACK):

104




wn_init();
wn_dmode(FLASH]);

/** system(’print*); **/ /** load the DOS print driver **/
£ system(**). **/ /" need aretum to the DOS response **/

if{checkiiles()==0) exit(0}; /* At leas? one of the scr files is missing */

VidReadWindow({bak_gmgd_screen, anmy.scr’);
VidPutWindow(bak_grnd_screen.0.0,24.72.0,0)
getch();

go

{
vidReadWincow(bak_gmd_screen,"army.scr '},
VidPutWindow(bak_gmd_screen,0,0.24,79.0,0):

main_menu_choice=wn_copup{0.0,18.41.1.(BLACKIYELLOW)<<4!(GREEN:BOLD),
BLACK<<4IBLACK &main_menu. TRUE}:

switch(main_menu_chsice)

{

case aititude:
alt();
break;

case cold:
co'd_digit():
break;

case heat:
tref):
break;

case quit:
break:

1

)
} while{main_menu_chgice = quitl;

v_cCIs{BLACK<<4IWHITE);

v_locate{0.0.0);

pn‘nu‘( aa CCCP IO eeeOo000dtecitdonned '""'\h‘-ﬂ‘);
printiCUSARIEM Environmental Medicine fer tne Fieid Medical Ofiicer \nin);
prini(” V: MJR 10/83 nn );

pﬁn'f(ﬁlc..oc..OOQQ."q'tOttnitoapo”alo.'o'. 900800009V ECOEIROITRISS

} /* end mzin medule */
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ALTITUDE Module: Source Code

r.o-o-oouimot so“rw ﬁ!e: ALT.C -'-I

sinclude <windows.h>
Finclude “a'th*
"** #include “key.h® **/

extern char bak cmd screen[4C00}:

int alt()
{

char *vidbuff_ptr; /* used with VidSave & Restore Block functions °/
char *output_vidtuff_pir;

WINDOWPTR event_vn, input_wn;
WIFORM event_frm, save frm;

int data_row, data_set choice,i. tosic:
static struct input struct inputdata:
enum oulput type enum culps®_tvpe;

static s'ruct cutpul_struct culputdatz;

struct pmenu topbar menu=
{

g0,

FALSE.

0,

0.

S,

{0.1. "INPUT", 1.
0.3, "OUTFUT. 2.
©,12.°0OPTiONS". 3.
0.30."MED INFO". 4,

0.41.°HEL®P", 5.
0.47."EXIT", €,
93.29,.89

—o

enum topbar_meny_enum {input =1,
outptit =2,
runzotions =3,
it =3,
halp =5,
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struct pmenu input_menu=

{

Ol

FALSE,

0)

0,

5,

{ 1,4, "Prcfile”, 1,
2,2, "New Profile", 2,
3.3, "Variables", 3,
4.4, "Default", 4,

5,5, "Save", 5,
6,1, "Read from File", 6,
99,99,“",99

}

b

enum input_menu_enum{  view_profile =1,
create_new_profile =2,
input_parameters =3,
default_input =4,
save_input =5,
read_fite_input =6 )} inpul_menu_choice;

struct pmenu med_info_menu=

{

0,

FALSE,

0,

1!

4,

{ 0,3,"ALTITUDE HANDBOOK", 0,
2,6,"Physiology", 1,
3,3,"Medical Conditions®, 2,
4,2,"Operational Guidance", 3,
5,6,"References”, 4,
99,99,*,99

)

h

struct pmenu data_rov_menu=

{

01

FALSE,

0,
0!
81
{ 0301 K >“:
1,0, "->*,
2,0, "->",
3.0, ->",
4,0, "->",
5,0, >,
8,0, "->",

DU AWM= O
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7,0, "->", 7,
8,0, "->", 8,
99,99,"" 99
)
h
struct pmenu data_set_menu=

{

01

FALSE,

0)

a,

3’

{0,3, "SET# 1, 300,
0,15,"SET# 2", 301,
0,28,"SET# 3", 302,
0,40,"SET# 4", 303,
99,99," 99

}

h

enum output _choice_enum { view=320,
print=321,
save=322

}output _choice;

enum output type choice_enum { data=0,
graph_all_sets=1,
graph_one_set=2,
} output_type_choice;

int input_pos[]={29,41,54,66);

VidReaaWindow(bak_grnd_screen, grid.ait"});
VidPutWindow(bak_grnd_screen,0,0,24,79,0,0);

if(getinitalthle(&inputdata) ==99) init_alt_input(&inputdata);
draw_profile(&inputdata.profile);

do
{
topbar_menu_ choice=wn_popup(0,0,13.55,1, WHITE<<4IBLUE,
BLACK<<4IBLACK,&topbar_menu, TRUE);

switch(topbar_menu_choice)

{
case input:
input_menu_choice=wn_popup(0,2,12,16,7, WHITE<<4!BLUE,

BLACK<<4IRED,&inpui_menu, TRUE);
switch(input_menu_choice)

{
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case view_profile:
get_alt_profile(&inputdata.profile);
break;
case create_new_profite:
VidPutWindow(bak_grnd_screen,0,0,24,79,0,0);
init_input_profile(&inputdata.profile);
break;
case input_parameters:
VidPush(};
VidReadWindow(bak_grnd_screen,"altinput.scr");
VidPutWindow(bak_gmd_screen,0,0,16,79,0,0},
VidPutWindow(bak_gmd_screen,17,0,24,2,17,0);
for(i=0;i<=3;i++)
write_current_alt_input(&inp::t ‘ata.parametersfi),input_posfij+2),
VidReadWindow(bak_gmd_scieen,"scraps.scr”);
VidPutWindow(bak_grnd_screen,22,5,22,72,0,5);
do
{
data_row=wn_popup(1000,3,28,2,9,BLACK<<4IRED,
BLACK<<4IRED,&data_row_menu, TRUE);
alt_input_by_line( &inputdata, data_row);
for(i=0;i<c=3;i++)
{
inputdata.parametersfi).calculated=no;
write_current_alt_input(&inputdata.parameters(ilinput_ pos[i]+2);
} /** end for **/
)} while(data_row '=89);
VidReadWindow(bak_grnd_screen,"grid.alt"};
VidPop(1);
break;
case default_input:
init_alt_input(&inputdata);
break;
case save_input:
break;
case read_file_input:
break;
}
break;
case runoptions:
break;
case output:
VidPushy();
outputdata.output_type=PmmHag;
calc_output(&inputdata, &outputdata);
graph_output(&outputdata);
VidPop(1);
break;
case info:
do
{
topic=wn_popup(0,1,28,24,7 WHITE<<4iBLUE,
BLACK<<4IRED,&med_info_menu, TRUE);
if(topic==99) break:
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show_alt_info(topic);
} whils(topic != 99); /* loop until quit info menu */
break;
case help:
break;
} * end switch for topbar_menu_choice */
} while(topbar_menu_choice!=exit_topbar);

savetoinitaltfile(&inputdata);
flushall();
return 0;

} /* end main altitude module */

/ttﬁﬁkﬂt*iﬁtitttﬂi‘li 50urce ﬁ‘e: ALT.-CALC‘C ttllaﬂl"l‘ttntn'f/

#include "alt.h"

#include <math.h>
#include <conio.h>
#include <stdio.h>

#define deg_C(F) ( (5.0/9.0)*(F-32.0) ) /* F to C conversion macro */

fidefine Tot_P O
#define PIO2 1

#define Pa02 2
#define O2Sat 3

int calc_output(struct input_struct *p, struct output_struct *output)

{
int 1, j, k, set, return_val;
float alt, m, term1i, u, Pa02 eft, PAO2_x:

return_val=0;

for(set=0;5et<NUM_SETS;sett4) /7 NUM SETS definedinalth ™/
{
k=0;
switch{output->output_type)
{
case Pmmidg:
for(i=0:(i <= p->profile.num_events) &% (& < MAX_QUTPUT_ELEMENTSYi++)

{

m=(p->profile.eventfi).al2-p->profile.eventfi).alt1)/(p->profile.event{i).day2-p->profile.eventfil.day1);
for(j=0;(j < (p->profile.event[i].day2-p->profile.event[i].day1))
&&(k < MAX_OUTPUT_ELEMENTS):+-)
{
output->x  vaiiset)ik]=(float){p->profile event(il.day1+);
110
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alt=p->profile.eventfil.ait1+j*m;
ait=alt*0.3048; /* converting from feet to meters */
term1=(44331.514-alt)/11880.516;
output->y_val{Tot_P][set]{k]=0.75"pow(term1,5.25588);
/* 0.75 converts from mbar to mmHg */
output->y_vallP102]){set][k]=(0.01*p->parameters{set]. FIO2)*
(output->y_val{Tot_Pj[set]k])-47.0);
K++;
}/* endfor(j ... ) */
} /*endfor(i..) */
output->num_vals=k;
break;
case Pmbar:;
break; I
} ** end switch **/

term1=(1.0-(0.01*p->parametersset].FIO2*p->parameters[set].resp_ratio})
Ip->parameters{set].resp_ratio;
for(j=0;j<output->num_vals;j++)
{
PAO2_x= output->y_val[PlO2][setlij] - p->parametersiset]. PACO2*term1;
output->y_val[PaO2]{set}[jl= PAO2_x - p->parametersiset]. Aa_diffusion_grad;
}

term1=0 024*(37.0-deg_C(p->parameters{set].tre));
term1+=0.4"(p->parametersfset].pH-7.4);
term1+=0.06*(log10(40.0)-log10(p->parameters(set}. PACO2Z));
termi=pow(10.0,term1);

for(j=0;} < output->num_vals;j++)

{
Pa02_eff=output->y_val[PaO2](set]{j}'term1;
u=0.00925*P202_ef{+0.00028" pow(PaC2_eff,2.0)+0.0000306*pow(Pa02_eft,3.0);
if{output->y_vai[PaO2][set]jjj >= 10.0)
output->y_vai[O2Sat][set][j]=100.0"(u/{1.0+1));
else
output->y_val]{O23at][set]{i}=100.0*(0.003683*Pa02_eff+0.000584*povi(Pa02_eif.2.0));
}/** end for **/
} /* end for(set ...} */
return return_val;

} /** end of function **/

/'bt'.ntctttttvtctitnmo source f”e AL‘[’_D!FF.C !"'I"l""i'\'"'t""""'../

#include "alt.h’'
#include <stdio.h:
#include <string.bh>

char” inputdifferences(siruct input _struct tinput)
{
int i.set;
char msg[70};
char *inputstr{9)=(" Hb “," Hct °,' pH ", HCO3- "" Core temp ",
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* Resp ratio "," % FIO2 "," PACO2 “," Aa diff grad "};
int diff[9];
for(i=0;i<9;i++) diff{i]=0; /* initiglize dillerence indicators
0 = no difference
1 = difference */

for(set=0;set<(NUM_SETS-1);-et++)
{
if(input->parameters{set].hgb != input->parameters[set+1}.hgb) diff{0]=1;
if(input->parameters[set].hct != input->parametersiset+1).het) diif[1;=1;
if(input->parameters[set].pH = input->parameters{set+1].pH ) diff{2)=1;
if(input->parametersiset]. HCO3 != input->parametersfset+1].HCO3) diff[3]=1;
i{input->paramete siset].dre = input->parametersiset+1l.tre} diff[4)=1;
ii(input->parameters{set].resp_ratio = input->parametersfset+1].resp, _ratio} diff[5]=1;
if(input->parameters(set].FIO2 i= input->parameters[set+11.FIO2) diff{6)=1;
if(input->parametersfset]. PACO2 != input->parameters[set+1].PACO2) diff{7}=1;
if(input->garameters[set].Aa_diffusion_grad !=
input->parameters[set+1].Aa diffusion_grad) diff{8]=1;

}

strepy(msg,“N.B.: input differences wri --> 7);
for(i=0;i<9:i++)

{
if(diff[i] == 1) strepy(msg,strcat{msg.inputstr{ij));
}

return &msgi{0};
} /* end function inputdifferencas */

/otttﬂﬁtntonntinntca source ﬂ!e: ALT“FRMSC -n"ttniﬂ’thlQOOQnﬁﬁt'./

#include <windows.h>
#include "alt.h"

void alt_input_by_line(struct input struct *ali_input, int input_line)

WINDOWPTR wn_ptr;
WIFORM frm_ pir;
int r0;

r0=3;
switch(input_line)
{
case O:
wn_ptr=wn_open(1000,:0+nput_line.30.45.1, FG_R.FG_B),
frm_ptr=wn_frmopn(5);

wn_gfloat(SET, frm_ptr,0.wn_ptr,0,1,NSTR,Igt_red."' ',
&alt_mput->parameters{0}.hgb,5,1,10.0,25.0,
alt_input->parameters[0].hgb_butf NSTR,
"Hemog!obin: 0.0 - 25.0");
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wn_gfloat(SET frm_ptr,1,wn_ptr,0,13,NSTR,lgt_red," ",
&alt_input->parameters{1].hgb,5,1,10.0,25.0,
alt_input->parameters[1].hgb_buff NSTR,
“Hemoglobin: 0.0 - 25.0"),

wn_gfloat{SET,frm_ptr.2,wn_ptr,0,26,NSTR,lgt_red,"’,
&alt_input->parameters[2].hgb,5.1,10.0,25.0,
alt_input->parameters[2).hgb_buff NSTR,
“Hemoglobin: 0.0 - 25.0");

wn_gfloat(SET, frm_ptr,3,wn_ptr,0,38,NSTR,igt_red," ",
&alt_inout->parameters[3].hgb,5,1,10.0,25.0,
alt_input->parameters{3).hgb buff NSTR,
"Hemoglobin: 0.0 - 25.0");

wn_frmget(frm_pir);

wn_frmels(frm_ptr);

wn_close(wn_ptr);

break;

case 1:
wn_ptr=wn_cpen{1000,r0+input_line,30.45,1,FG_R.FG B);
frm_ptr=wn_{rmopn(5);

wn_gfloat(SET,frm ptr,0,wn_ptr,0,1,NSTR,Igt_red," ",
&alt_input->parameters{0].hct,5,1,10.0,90.0,
alt_input->parameters{0}.hct_buff, NSTR,
"Hematocrit: 0.0 - 90.0%);

wn _gfloat(SET frm_ptr,1,wn_ptr,0.13,NSTR!gt_red.' ",
&alt_input->parametersi1].het,5,1,10.0,90.0,
alt_input->parameters1].hct. buff, NSTR,
*Hematocrit: 0.0 - 90.0%);

wn_gfloat(SET frm_ptr,2,wn_ptr,0.26,NSTR,ligt_red,’ ',
&alt. input->paremetersf2}.hct,5.1,10.0,90.0,
alt_input->parameters{2].hct. buff, NSTR,
"Hematocrit: 0.0 - 90.0");

wn_gfloat{(SET frm_ptr,3,wn ptr,0,38,NSTR,lgt red."",
&alt_input->parameters{3].kct.5,1,10.0,90.0,
alt_input->parameters{3}.hct_buft, NSTR,
"Hematocrit: 0.0 - 80.0");

wn_frmget(irm _ptr};

wn_frmcels{frm_ptr);

wn_close{wn_ptr);

break;

case 2:
wn_ptr=wn open(1000,r0+input_line,30,45,1,FG_R,FG_B);
frm_ptr=wn frmopn(5);

wn gfleat(SET frm ptr,0,wvn _ptr.0,1,NSTR.Igt_red,' ,
&alt_ input->parameters{0).pH,5,1,4.0.8.0,
alt input->parametersi0i.pH_buff NSTR,
“blood pH: 4.0 - 8.0");

wn gfloat(SET.frm_ptr,1,wn ptr,0,13,NSTR.Igt_red, ",
&alt input->parameters{1].pH,5,1,4.0,8.0.
alt_input->parameters[1].pH_buff NSTR.
"blood pH: 4.0 - 8.0"):
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wn_gfloat(SET,frm_ptr.2.wn_ptr,0,26,NSTR,Igt_red,'’,
&alt_input->parameters{2}.pH.5,1,4.0,8.0,
alt_input->parameters[2).pH_buff, NSTR,
"blood pH: 4.0 - 8.0");

wn_gfloat(SET.frm_ptr,3,wn_ptr,0,38,NSTR,Ig!_red," ",
&alt_input->parameters{31.nH,5,1,4.0,8.0,
alt_input->parameters[3}.pH_buff, NSTR,
"blood pH: 4.0 - 8.0%);

wn_frmget(frm_ptr);
wn_frmeis(frm_ptr);
wn_close(wn_pir);
break;

case 3:
wn_ptr=wn_open{1000,/0+input line,30,45,1,FG_R,FG_B),
frm_ptr=wn_{rmopn(5):

wn_gfloat(SET,frm_ptr,0,wn_ptr,0,1,NSTR,Igt_red," ",
&alt_input->parameters{0].HCO3,5,1,0.0,50.0,
alt_input->parameters[0].HCO3_buff NSTR.
"Blood bicarb: 0.0 - 50.0%);

wn_gfloat(SET,frm_ptr,1,wn_ptr,0,13,NSTR,Igt_red,'’,
&alt_input->parameters{1].HCO3,5,1,0.0,50.0,
alt_input->parameters{1]. HCO3_buff,NSTR,
"Biood bicarb: 0.0 - 50.0%);

wn _gfloat(SET frm_ptr.2,wn_ptr,0,26, NSTR,Igt_red," ',
&ait input->parameteis{2).HC0O3,5,1,0.0,50.0,
alt_input->parameters{2]. HCO3_bufi NSTR,
*Blood bicarb: 0.0 - 50.0");

wn_gfloat(SET.frm_ptr.3,wn_ptr,0,38,NSTR,Igt_red," ",
&alt_input->parameters{3].HCO03,5,1,0.0,50.0,
alt_input->parameters[3].HCO3_buff NSTR.
"Blood bicarb: 0.0 - 50.0");

wn_{rmget({frm_ptr);
wn_frmcls(irm_ptr);
wn_close{wn ptr);
brezk;
case 4:
wn_ptr=wn_open{1000,r0+input_line,30.45,1,FG_R,FC_B};
frm _ptr=wn_frmopn(5);

wn_gfloat(SET,irm_ptr,0,wn pir,0,1,NSTR,Igt_red."’,
&ali_input->parameters{0].tre.5.1,90.0,110.0,
alt_input->parameters[0].tre_buff, NSTR.
“Blood temp(F): 90.0 - 110.0");

wn gfloat(SET, frm_ptr,1,wn_pir,0,13,NSTR,Igt_red," '.
&alt input->parameters[i].tre,5,1,90.0,110.0,
alt input->parameters[1}.tre_buff NSTR,
“Blood temp (F): 90.0 - 110.0");

wn_gfloat(SET.frm_pir,2,wn_ptr,0,26,NSTR,igt_red. °,
&alt input->parameters[2).tre,5.1.90.0,110.0,
alt input->parameters[2).tre_buff NSTR,
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“Blood temp(F): 90.0 - 110.0");

wn_gfloat(SET frm_ptr,3,wn_ptr,0,38,NSTR,igt_red,"’,
&alt_input->paramsters{3}.tre,5,1,90.0,110.0,
ait_input->parameters{3).tre_buff, NSTR,
*Blood temp(F): 90.0 - 110.0").

wn_frmget(frm_ptr);
wn_frmcels{frm_ptr);
wn_close(wn_ptr);
break;

case 5:
wn_ptr=wn_open(1000,r0+input_line,30.45,1,FG_R,FG_B);
frm_ptr=wn_frmopn(5);

wn_gfloat(SET,frm_ptr,0,wn_ptr,0,1,NSTR,Igt_biue," ',
&alt_input->parameters[0].resp_ratio,5,1,0.0,2.0,
alt_input->parameters{0}.resp_ratio_buff NSTR,
"C0O2/02 ratio: 0.0 - 2.0");

wn_gfloat(SET,frm_ptr,1,wn_ptr,0,13,NSTR,Igt_blue,' ",
&ait_input->parameters{1).resp_ratio,5,1,0.0,2.0,
alt_input->parameters{1].resp_ratio_buff, NSTR,
*C02/02 ratio: 0.0 - 2.0%);

wn_gfloat(SET frm _pir,2.wn_ ptr,0,26,NSTR,igt_blue,"",
&alt_input->parameters[2}.resp_ratio,5.1,0.0,2.0,
alt input->parameters{2].resp_ratio_buif, NSTR,
"CO2/02 ratio: 0.0 - 2.0%);

wn_gfloal(SET,frm_ptr,3,wn_ptr.0,38,NSTR,Igt_blue," ",
&alt_input->parameters{3].resp _ratio,5,1,0.0,2.0,
alt_input->parameters{3].resp_ratio bufi NSTR,
"C02/02 ratio: 0.0 - 2.0%};

wn_frmget(frm_ptr);

n_frmeis(irm_ptr);
wn_close{wn_ptr):
break;

case 6:
wn_ptr=wn_open(1000,r0+input_line,30,45,1,FG_R,FG_BY);
frm_ptr=wn_frmopn(5);

wn_gfloat(SET,irm_ptr,0.wn_ptr,0,1,NSTR,igt_blue," ",
&all_input->parameters[0].Fi02,5,1,0.0,100.0,
alt_input->parameters[0].FIO2_bufi NSTR,
“Inspilgt_red O2: 0.0 - 100%");

wn_gifoat(SET,frm_ptr,1,wn_ptr,0,13,NSTR lgt_blue,' ',
&alt input->parameters{1}.F102,5,1,0.0,100.0,
alt_input->parameters[1].FIO2_butf NSTR,
“Inspilgt_red 02: 0.0 - 100%");

wn_glloat(SET frm_ptr,2,wn_ptr,0,26,NSTR,lgt_blue, .
&alt input->parameters[2].F102,5,1,0.0,100.0,
ait_input->parameters{2].FIO2_buff, NSTR,
“"Inspilgt red 02: 0.0 - 100%7);

wn_gfloat(SET frm_ptr,3,.wn_ptr,0,38.NSTR,Igt_blue, ',
&alt _input->parameters[3].Fi02,5.1,0.0,100.0,

115




ADA294006

alt_input->parameters[3).FIO2_buff, NSTR,
“Inspilgt_red O2: 0.0 - 100%");

wn_frmget(frm_ptr);
wn_frmels{frm_ptr);
wn_close(wn_ptr);

break;

case 7:
wn_ptr=wn_open(1000,r0+input_fine,30,45,1,FG_R,FG_Bj;
frm_ptr=vm_{trmopn(5);

wn_gfloat(SET frm_ptr,0,wn_ptr,0,1,NSTR,lgt_blue,’’,
&alt_input->parameters{0}.PACO2,5,1,0.0,100.0,
alt_input->parameters[0].PACOZ_buff NSTR,
"Inspilgt_red CO2: 0.0 - 100 mmHg");
wn_gfloat(SET,frm_ptr,1,wn_ptr,0,13,NSTR igt_blue,’’,
&alt_input->parameters[1}.PACO2,5,1,0.0,100.0,
alt_input->parameters{1}.PACO2_buff NSTR,
“Inspilgt_red O2: 0.0 - 100% mmHg*);
wn_gfioat(SET,frm_ptr,2,wn_ptr,0,26 NSTR,Igt_blue,’ ',
&alt_input->parameters[2].PACO2.5,1,0.0,100.0,
alt_input->parameters[2].PACO2_buff, NSTR,
“Inspilgt _red O2: 0.0 - 100% mmHg");
wn_gfioal(SET. frm_ptr,3,wn_ptr,0,38,NSTR igt_blue," ',
&alt_input->parameters[3}.PAC0O2,5,1,0.0,100.0,
alt_input->paramete:z[3).PACO2_buff, NSTR,
“Inspilgt_red 0O2: 0.0 - 100% mmHg");

wn_frmget(frm_ptr);
wn_frmcis(irm_ptr);
wn_close(wn_ptr);
break:

case 8:
wn_pte=wn_open(1000,70+mngut_line.30,45.1.FG_R,FG_Bj;
frm ptr=wn frriopn{5):

wn_gfloat(SET. frm_ptr,0,wn_ptr,0,1,NSTR gt _biue,'’,
&alt input->parameters[C].Aa_diffusion_grad,5,1,0.0,100.0,
alt_input->parameters{0].Aa _diffusion_grad_buff, NSTR,
“NI Aa diff grad: 0.0 - 10.0 mmHg *);
wn_gfloat(SET,frm_ptr,1,wn_pir,0,13,NSTR.lgt_blue,' ",
&alt_input->parameters[1).Aa diffusion_grad,5,1,0.0,100.0,
ait_input->parameters|1].Aa_diffusion_grad_bufi, NSTR,
“Ni Aa diff grad: 0.0 - 10.0 mmHg ");
wn_gfloat(SET,frm_ptr,2,wn_ptr,0,26,NSTR,Igt_blue," ’,
&alt_input->parametersf2).Aa_diffusion_grad,5,1,0.0,100.0,
alt_input->parameters|2].Aa_dfiusior._grad_buff NSTR,
"Nl Aa diff grac: 0.0 - 10.0 mmHg ).
wn_gfloat{SET.frm ptr,3,wn ptr,0,38,NSTR.Igt_biue," ",
&alt_input->parameters[3).Aa_diffusion_grad,5,1,0.0,100.0,
ait input->parameters(3].Aa_diffusion_grad_buff NSTR,
*NI Aa diff grad: 0.0 - 10.0 mmHg ");
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wn_frmget(frm_ptr);

wn_frmcls(frm_ptr);

wn_close{wn_ptr);
break;

} /** end switch(...) **/
} /** end input_by_line **/

revesesssemesesesnenns sourca file: ALT_GRAF.C *otsesmmesssessss i

#include "alt.h"
#include <stdio.h>
#include <string.h>
#include <conio.h>
#include <graph.h>
#include <pgchart.h>

#define Tot_P O
#define PIO2 1

#deline Pa02 2
#define 028at 3

#define TRUE 1
#define FALSE O

int graph_output(struct output_struct *output)
{
int return_val,i.j,n,set,graph_num;
float max,min tic_interval;
chartenv env;
float xINUM_SETS]IMAX_OUTPUT_ELEMENTS]),
yINUM_SETS]IMAX_CUTPUT_ELENENTS];

char *labals[}={"Sel#1","Sei#2","Sei#3", Sci#4’):
int mode=_VRES16COLOR:
return_val=0;

n=output->num_vals;
for(set=0;set<NUM_SETS;set+=)
for(:=0;i<n && i<MAX_OUTPUT_ELEMENTS:1+4)
x[se][i}=output->x_va'[setii];

/I* set highest video mode avai'able. */
while(! _setvideornode{mode}) mode--;

_pg_initchart();

-pg_defaulichart(&env, PG_SCATTERCHART, _FG_FOINTANDL
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for(graph_num=0;graph_num<4;graph_num++)
switch{graph_num)

case Tot P:
for(set=0;set<NUM_SETS;set++)
for(i=0;i<n && i<MAX_OQUTPUT_ELEMENTS;i++)
yisetlfijl=output->y_valiTot_P}isetlfil;
strepy{env.maintitle fitle,"Barometric Pressure®);
strepy(env.xaxis.axistitle.title,“Day £#°);
strepy(env.yaxis.axistitle title,"mm Hg");

env.chartwindow.x1=8; /* pixels */
env.chartwindow.y1=8;
env.charwindow.x2=311;
env.charntwindow.y2=231;

env.xaxis.autoscale=FALSE;
env.yaxis.autoscale=FALSE;
env.datawindow.background=8;
env.chartwindow.background=0;
env_chartwindow.bordercolor=0;
env.xaxis.axistitle. titlecolor=5;
env.yaxis.axistitle.titlecolor=5;
env.xaxis.axiscolor=2;
env.yaxis.axiscolor=2;
env.xaxis.scalemin=1.0;
env.xaxis.scalemax=x[0}[n-1};
env.xaxis.scalefactor=1.0;
env.xaxis.ticinterval=5.0;
env.xaxis.ticformat= PG_DECFORMAT:
env.xaxis ticdecimals=0:

env.yaxis.scalemin=300.0;
env.yaxis.scalemax=800.0;
env.yaxis.scalefactor=1.0;
env.yaxis.ticinterval=50.0;
env.yaxis.licformat=_PG DECFORMAT;
env.yaxis.ticdecimais=0;

env.yaxis.grid=TRUE:
env.xaxis.grid=TRUE:

env.maintitle.titlecolor=5; i 5=red */
env.maintitle justify=_PG_CENTER:

env.subtitie.titiecolor=5;
env.subtitle.justify=_PG_CENTER;
break;
case PIO2:
for{set=0:set<NUM_SETS;set++)
for(i=C;i<n && <MAX_OUTPUT_ELEMENTS;i++)
ylsetjiil=output->y_valfPlO2]set](i}:
strepyi{eny. maintile iitle "Ambient 02 Prescure™);
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env.chartwindow.x1=317; .* pixels */
env.chantwindow.y1=8;
env.chartwindow.x2=631;
env.chantwindow.y2=231;

env.yaxis.autoscale=TRUE;

f*  env.yaxis.scalemin=00.0:
env.yaxis.scalemax=150.0: **/
env_yaxis.ticinterval=10.0:
break;

case Pa02:
max=0.0;
min=100.0;
for(set=0;cet<NUM_SETS;set++}

{
forii=0i<n && i<MAX_OUTPUT_ELEMENTS;1++)
{
yisef}ii]=output->y_val[PaO2][sellli};
if(y[set)lij<min} min=y[set}ii):
if(ylsetiil>mwx) max=y]sel}i}:
)
}
strepy(env.maintitle.title,"Arterial 02 Pressure ),
strepy(env.yaxis.axistitie.title, mmMgT):

env.yaxis.autoscale=FALSE;
env.yaxis.scalemin=min-5.0;
env.yaxis.scalemax=max+5.0;
env.yaxis.ticinterval=5.0:

env.chanwindow.x1=8;

env.chantwindow.y1=247;
env.chanwindow . x2=311:
env.chanvindow.y2=471;

break:
case O2Sat:

max=0.0;

min=100.0;

for{set=0:5et<NUM_SETS:5st+v)

{
for(i=0:i<n && i<MAX QUTPUT ELEMENTS:i++)
{
y(set]li}=output->y_val{O2Szt}{setli}:
it(ylsedii}<min) min=y[set]j:};
if(y[se:](il>max) max=y[sei[:
}
}
strepy(env.mantitie.title. Arterial 02 Saturation™):
strepy(env.yaxis.axistitie title.™%"%);
env.chartwindow.x1=317; * pixels*/
env.chartwindow.y1=247:
env.chantwindow.x2=621;
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env.chartwindow.y2=471;

env.yaxis.autoscale=FALSE;
env.yaxis.scalemin=min-5.0;
env.yaxis.scalomax=max+5.0;
env.yaxis.ticintervai=5.0;
break;
}#** end switch **/
if{ _pg_analyzescatierms{&env,&x{0}i0].&yiUi0).NURM_SET S, i,MAX_CUTPUT_ELTMEIN | ©,&abSis))
{
_auttext{"Error analyzing chart datz };
fflush(stdin);
ges i
_setvideomods{_DEFAULTMODE;:
return 95;

&

}
i _pg_chartscatierms{ Genv,8x]0}{0].&y{0]{0}.NUM_SETS,n.MAX OUTPUT_ELEMENTS &labeis)}

!
T
_outtext{*Error: can't dravs ¢chart!™};
thiush{stcinj;
getch{);
retum val=93:

** end for{graph_num=0:graph num<4;graph num+4} *°
*  _pg_hiabeichart{ &env. 5,5.5cuput->dfims3.15): 777 id=ysiiow 7
stlush(stgink:
getchi):
{fiushgstdin):
_setvideomads(_DEFAULTIODE);

return retum_val:
} 7 enc graph_output °f

-;-.oaoo-noo'ococioa- 503.’(:6 fh'e ;1:. “‘ C < ] :
ginclude <key h>
#mclude *alt.h”

exiem char bak_gmd_screenid000]

int show_alt_info(int 1opg)

{

int i, key. scan. index_num, start_index_num. stog_index num;
& FILE “screenfiles; "/

S index# Topw
char *hlesi?0i={"pl alt" O Alude physalagy ™7
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"p2.alt’, /* 1 " */
"p3.alt’, I 2 " */
"pd.alt’, /i~ 3 " */
“pb.alt’, /* 4 " */
"mi.alt, /¥ 5  Medical Conditior.s */
“‘m2.alt', /* 6 " */
"m3.alt",/* 7 " */
"m4.alt",/* 8 * */
"ms5.aft", /* 9 " */
"mé.alt",/* 10 " */
‘m7.alt",/r 11 Y Wi
“‘m8.alt", /* 12 . *f

“medops1.alt", /* 13 Operational Guidance */
‘medops2.alt”, /* 14 "

*medops3.alt™, / 15 . N
“reft.alt", /* 16 Reference Lists %/
“ref2.alt", /* 17 " */
"ref3.alt”, /* 18 " i
“refd.alt" /* 19 “ */
%

switch(topic)

case 1: /* Alt Physiology */
start_index_num=0:
stop_index_num=4;
break;

case 2: /* Medical Conditions at Ait */
start_index_num=5;
stop_index_num=12;
break;

case 3: /* Operaticnal Quidance */
start_index_nums=13;
stop_index_nums=15;

break;

case 4: /" Reterences */
start_index_num=16;
stop_.index_num=19;

break;

} /* end switch */

index_num=start_index_num;
if( VidReadWindow(bak_grnd_screenfiles{index_numj}) != NOERROR)
{

printf("Unable to read %s screen file \n" nigsjindéx_numj);

geteh();
return 0,
}
VidPush();
VidPutWindow(bak_grnd_screen.0,0.24,79,0,0);
v_hidec();
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do

KeyFlush();
key=KeyGetC();
scan=key>>8;

switch(scan)

case 28; /[fenter */
case 80: /* down arrow */
case 81: /' page down */
index_num-++,
break;
case 72; /* up arrow */
case 73 /" pageup */
index_num--;
break;
case 71  /* home key */
index_nums=start_index_num;
break;
case 79
index_nums=stop_index num;
break;
default:
VidPop(1);
v _sclype(1,10,12); /* restore cursor */
return 0;
break;
} /* end switch */
if(index_num<start_index_num) index_num=stop_index_num;
if(index_num>stop_index_num) index_nums=start_index_num;

f( VidReadWindow(bak_grnd_screen, filesfindex_numj) = NOERROR)
{
printi("Unable to read %S screen file \n" filesfindex_numj),
getch();
VidPop(1):
rewurn 0;

VidPutWindow(bak_gmad_screen,0,0,24,79,0,0);
} while((key & Ox00tf) 1= 27):
VidPop(1):
v_sctype(1,10,12); /* restore cursor */
return O;

} /* end show_alt_info(int topic) */
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RAA LA 222l 2l dd s source ‘"e: ALT—INIO.C ‘Q.ﬁ‘.ﬂk.ﬁ.ﬂi.‘*‘.‘ﬁ/

#include “ait.h"
#include <stdio.h>

int getinitaltfile(struct input_struct *alt_input)
{
int set_num;
FILE *input_file;
size_t inputsize;
inputsize=sizeof(*alt_input);

input_file=fopen(“altiast.dat","rb");
if(input_file==NULL) return 99;

Tread(alt_input,inputsize,1,input_file);

fclose(input_file);
return 1;
} /*end this function */

int savetoinitaltfile(struct input_struct *alt_input)
{
int set_num;
FILE *out_tile;
size_t inputsize;
inputsizz=sizeof(*alt_input);

out_file=fopen(“altlast.dat","wb"):;
if(out_file==NULL) return 98;

fwrite(alt_input,inputsize, 1,out_file);

fclose{out_filey;
return 1;
} /* end this function */

/Vﬂ"'.li*"l""ﬁ' Source file: ALT-TBL.C PAACRECR RS I O R RNt "l

#include <string.h>
#include "alt.h"

voud init, alt_input(struct wnput_struct *input)
{

t

int n;

input->profiie.num_events=2;
input->profile.current_ eveni=0;
input->profile.event(0].type_index=0;
input->profile.eventl0).day1=1;
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input->profile.event{0].day2=5;
input->profile.event{0].alt1=0;
input->profile.event[0].alt2=10000;

strepy (input->profile.event{0].typebuff,"Ascend *);
strepy(input->profile.event{0].day1buff," 1");
strepy(input->profile.event[0].day2buff," 5%);
strepy (input->profile.event[0l.ait 1buff,” 0");
strepy (input->profile.event{0).alt2buff,"10000");

input->profile.event[1].type_index=2;
input->profile.event{1].day1=5;
input->profile.event[1].day2=15;
input->profile.event[1].alt1=10000;
input->profile.event{1].alt2=10000; £h
strepy(input->profiie.event[1).typebuff,"Remain “);
strepy(input->profile.event{1}.day1buff." 5%);
strepy(input->profile.event[1).day2butf," 15");
strepy(input- >profile.event[1].alt1buff,”10000"),
strepy(input->profile.event{1].alt2buff,"10000");

input->profile.event[2].type_index=1;
input->profile.event|2].day1=15;
input->profile.event{2].day2=20:
input-:>profile.event{2].alt1=10000:
input->profile.event|2].alt2=0;
strepy(input->profile.event{2] typebuff,"Descend”);
strepy(input->profile.event[2).day1butf,” 15");
strepy(input->profile.event[2].day2buff," 20");
strcpy(input->profile.event{2).alt1buit,"10000");
strepy(input->profile.event{2].alt2buff,” 0%);

for(n=0;n<=3;n+4+)
{
input->parameters[n].hgb=14.5;
input->parameters|n].hct=45.0;
input->parameters[n].pH=7.4;
input->parameters{n}.HCO3=24;
input->parametersin].ire=98.8;
input->parameters{n].resp_ratio=0.8;
input->parameters[n].Fi02=21.0;
input->parameters[n].PAC02=40.0;

strepy( input->parameters|n).hgb_bufi,” 14.5%);
strepy( input->parametersin).hct_buif,” 45.0");
strepy( input->parameters[n].pH_buif," 7.4%);
strepy( input->parameters{n]. HCO3_buff," 24.0");
strepy( input->parametersin].tre_butf,” 98.8");
strepy! input->parametersin).resp_ratio_buft,* 0.8");
strepy( input->parameters|n].FIO2_buff,” 21.0");
strepy( input->parameters{n].PACO2_bufi," 40.0"):

sticpy(input->parameters(n].Aa_diffusion_grad_buff," 5.0");
input->parametersin] caiculated=0;
} /** end tor **/
} /** end init_alt_input funciion **/
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void write_current_alt_input(struct input_parameter_struct *input,int column)
{
/* n.b. colors are defined in alt.h */
int r=3; /tinitrow */

VidPutS(input->hgb_buff,red,r,column);
VidPutS(input->het_buft,red,++r,column);
VidPutS(input->pH_buff,red,++r,column);
VidPutS(input->HCO3_buff,red,++r,column);

VidPutS(input->tre_buff,red,++r,column);

VidPutS(input->resp_ratio_buft,igt_blue,++r,column);

VidPuiS(input->FIO2_buff Igt_blue,++r,column);

VidPutS(i ‘pt->FACO2_buff,Igt_blue,++r,column);

VidPutS(input->Aa_diffusion_grad_buff,Igt_blue,++r,column);
} /* end write_current_alt_input function */

/"l"i‘ii'fi..ﬁiltl."". source fi:e: ALT 'N'T.C “".""!."'.’t"'!'/

#include <windows.h>
#include "alt.h"

int init_input_profile(struct input_profile_struct *p)
int i;

p->num_events=0;
p->current_event=0;

for(i=0;1<MAX_EVENTS;i++)

{
p->eventfi].type_index=0; / O=remain ™/
p->eventfi].day1=1;
p->eventfi].day2=3;
p->eventfil.alt1=0;
p->eventfij.alt2=10000;
strepy(p->eventfil.typebutt,"Remain *):
strepy(p->event(il.day 1buff,” 17);
strepy(p->event|ij.day2butf,” 3');
strepy(p->event]).alt1buff, '00000"),
strepy(p->event[ij.ali2butf,"10000%;

} 7 endtor */

return 1;

} /* end function */
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rtta&tti*&a.ktl.tlAﬁtnnnt source fIIEI EVENTS .C l't'ttl""l"ttl'oic./

#include <windows.h>
#include "alt.n"

#define TABLE_HEADER_ROW 5
#define TABLE_HEADER_COL 20

int get_ait_profile(struct input_profife_struct *p )

{
WINDOWPTR event_wn;
WIFORM event_frm;

inti, current_event_index;

Int alt1,alt2, day1,day2, event_type,

intr0,r1,12,r,c;

char typebufi[9], day1buff[5}, alt1bufi(7], day2buff[5], alt2bulf(7];

float m;

int r_table=TABLE_HEADER_ROW,
int c_table=TABLE_HEADER_COL;

struct pmenu event_menu=

{
0,
FALSE,
01
0,
3,
{0,0, "Ascend *, 0.
1,0, "Descend”, 1.
2,0, "Remain ", 2,
3.1, "Stop” , 3,
99,99,"",99
}
h
enum event_enum { ascend =0,
descend = 1.
remain =2,

stop =3}event_menu cho'ce;
char eventstir{4](8]={"Ascend ","Descend”,"Remamn ~, Stop *};

r_table=TABLE_HEADER_ROW,;
¢_table=TABLE_HEADER_COL,

it(r_table==TABLE_HEADER_ROW)
VidPutS("Event Alt1 (fty Alt2 (ft) from Day# to Day*,
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FG_R,r_table,c_table);

current_event_index=0;

do

{
day1=p->event[current_event_index].day1;
day2=p->event[current_event_index].day2;
alt1=p->event[current_. v-ni_index].altt;
alt2=p->event{current_event_index}.alt2;
event_type=p->event{current_event_index].type_index;
strepy(day1butf,p->event{current_event_index].day1buff);
strepy(day2buff,p->event{current_event_index].day2bufl);
strepy(aitthutf,p->event{current_event_index].alt1buff);
strepy(alt2buff,p->event[current_event_ind=2x].a't2buff),
strepy(typebuff,p->event[current_event_index].typebuff),

event_wn=wn_open(500.4,15,40.5WHITE<<4IRED,BLACK<<4iBLUE);

event_menu_choice=wn_popup(0,5,28,7,4, WHITE<<4:BLUE WHITE<<4IWHITE.

&event. menu, TRUE);
if(event_menu_ choice==99)
{
wn_close(event_wn);
return 99;
}
strepy(lypebuff,eventstrievent_menu_choice]};
strepy(p->eventfcurrent_event_index].typebuff typetuff);

wn _dtext(XEQ NFRM,NFLD,event_wn,1,10,&eventstrlevent_menu_choicel):

switch(event_menu_choice)
!
1
case ascend:
case descend:
event_frm=wn_frmopn(5);
wn_gint(SET,event_frm,0,event_wn,2,1,"From (ft): ", BLACK<<4iRED, ',
&alt1,5.0,23000,alt1buff, NSTR."Limits: 0 - 23,000 ft*);
wn_gin{(SET,event_frm,1,event wn,2,18,"to (f1): ".BLACK<<4IRED," "',
&ait2,5,0.25000,alt2buff NSTR, Limits: O - 23,000 {t");

wn_gint(SET,event frm,2,event_wn,3,1,"Between day# : ", BLACK<<4:RED," ",

&day1,4,1,35,day1buft, NSTR,"Limits: 1 - 35%);
wn_gint(SET,event_frm,3.event_wn,3,21,"and day# : ",BLACK<<4:RED." ',
&day2,4,day1,35,day2buff NSTR, 'Limits: 1 - 35");
if(wn_frmget(event_frm)==ESC_CODE)
{
wn_frmcis(event. frm):
wn_close{event_wn);
return 99,
}
break;
case remain:
event_frm=wn_{rmopn(4);
wn_gint{SET,event_frm.0.event_wn,2,1 "At (ft): . BLACK<<4':RED," ",
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&alt1,5,0,23000,ait1buff, NSTR,"Limits: 0 - 23,000 {t");
wn_gint(SET,event_frm,1,event_wn,3,1,"Between day# : ", BLACK<<4IRED,"",

&day1,4,1,35,day1buff NSTR,“Limits: 1 - 35");

wn_gint(SET,event_frm,2,event_wn,3,21,“and day# : ",BLACK<<4IRED," ",

&day2,4,day1,35,day2buff, NSTR,"Limds: 1 - 35");
if(wn_frmget{event _frm)==ESC_CODE)

wn_frmcls(event_frm);
wn_close(event_wn},
break;
}
alt2=alt1;
strepy(ait2buff.ait1buff);
break;

case stop:

wn_close(event_wn);
break:

}; /* end switch */

if(event._menu_choice==stop) break;
wn_{rmcls(event_frm);
wn _close(event_wn);

r0=23;
r1=(int)(23-(alt1/1000));
12=(int){23-(alt2/1000));
c=(int)(8+2*(day1-1));

if( (day2-day1) ==0)

{

else

VidPutS{lypebuff, FG_IIFG_RIFG_G,++r_table,c_table):
VidPutS(alttbuff.FG_liFG. RIFG_G,r_table,c_ table-8);
VidPutS(alt2buff, FG IIFG_RIFG_G,r_table.c table+19);
VidPutS({day1buff FG IIFG_RIFG_G.r tatle,c table+34);
VidPutS(day2buff FG_IIFG_RIFG _G,r table,c_table+41):

VidPutAttr(WHITE<<4IBLUE,r2 ¢.10 c):

VidPutS(typebuff, FG_{iIFG_RIFG _G,+~r_table,c_table);
VidPutS(alt1buff, FG_IIFG_RIFG_G.r_table.c_table+8);
VidPutS(ali2buff, FG_HIFG_RIFG_G.r_table,c_table~19);
VidPutS(day1buff, FG_IIFG RIFG_G,r_table,c_table+34):
VidPutS(day2buff FG IFG RiFG_G,r_table,c_table+41):

if(alt1==alt2) m=0.0;
else m=({loat)(r2-r1)/(2"(day2-day1));

for(i=0;1<=(2*(day2-day1));i+~,c++)

if{m==0.0) r=ri; # remain gt cumrentalt
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else if(m < 0.0) r=(int){ri+m"i); /" ascend */
else if(m > 0.0) r=(int){r1+m*); /* descend */
VidPutAttr(WHITE <<4IBLUE r,c,r0,0);

}

} /* end else */

p->num_events++;
p->current_event=current_event_index;
p->eventcurrent_event_index].day1=day1;
p->event[current_event_index].day2=day2;
p->eventicurrent_event_index].alt1=alt1;
p->eventcurrent_event_index].ali2=ait2;
p->event[current_event_index].lype_index=event_type;
strepy(p->event{current_avent_index].day1bufi,day1bcf};
strepy(p->event{current_event_index].day2buff,day2buff).
strcpy(p->event[current_event_index].ait1bufi,alt1buff);
strcpy(p->eventfcurrent_event_index}.alt2bufi,alt2buff);
strepy(p->event{current_event_index].typebutf typebuif);

p->event[current_event_index+1].day1=day2;
p->eventlcurrent_event_index+1].day2=day2;
p->eventfcurrent_event_index+1].alti=alt2;
p->eventfcurrent_event_index+1}.ait2=alt2;
p->eventicurrent_event_index+1).type_index=event_type;
strepy(p->event[current_event_index+1].day1bufi,day2buff);
strepy(p->event{current_event_index+1].day2bufi,day2buff).
strepy(p->event{current_event_index+1].alt1buff,alt2buff);
strepy(p->event{current_event_index+1].ali2buff,alt2buff);
strepy(p->eventicurrent_event_index+1].typebuff typebulf);

curreni_event_index++;

} while{event_menu_choice != stop):

p->num_events--;
return O:

}/* end function get_input_orofile(} */
int dravs_profile(struct input_profile_struct *orofilz)
{

int ij;

intr0.ri,12.r.c;

flecat m:

int r_table=TABLE_HEADER_ROW:
int ¢_table=TABLE_HEADER_COL:

r0=23;

VidPulS(“Event All1 (1) Alt2 {ft) from Dayi# o Day?" FC_RBr tar
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for(i=0;i <= profile->num _events;i+~+)

{
r1=£nt)(23-(profile->eventfil.alt1/1000));
re2=qunt)(23-(profile->event[i}.alt2/1000));
c=(int){8+2* (profile->event(i].day1-1));

if{ (profile->event{i].day2-profile->event[il.day1) == 0)

{
VidPutS(profile->event(i].typebutf, FG_IIFG_RIFG_G,++r_table,c_tabie);
VidPutS(profile->event{il.alt1buff, FG_liFG_RIFG_G,r_table,c_table+8);
VidPutS(profile->eventfij.alt2buff, FG_IIFG_RIFG_G,r_table,c_tatle+18);
VidPutS(profile->event[i].day1bhuif, FG_IIFG_RIFG_G,r_table.c_table+34);
VidPutS(prefile->event(i].day2bulf,FG_IIFG_RIFG_G,r_table,c_table+41);
VidPutAttr(WHITE<<4IBLUE r2,¢,10,c);

else
{

VidPutS(profile->event(il.typebuff, FG_IIFG_R!FG_G,++r_tatle,c_table);
VidPutS(profile->event{i).alt1buff, FG_IIFG_RIFG_G,r_table,c_table+8);
VidPutS(profile->event[i].alt2buif, FG_liFG_RIFG_G,r_table.c_table+19);
VidPutS(profile->eventfi].day 1buff, FG_IIFG_RIFG_ G.r table.c_table+34);
VidPutS(profile->eventlil.day2buff. FG HIFG_RIFG_G,r tablec_tahle+41);

if(profile->event|i].alt1==profiile->event[i].ait2) m=0.0;
else m=(float)(r2-r1)/(2* (profile->event{i.day2-profile->event([il.day1));

for(j=0;i<=(2"(prof:le->eventlil day2-profi!

&
v
0
®
3

Aavi\WVicy caad
LY T LT

if(m==0.0) r=r1; /* remain at current ait */
e'se if{{m < 0.0) r=(nf){r1+m*)): /* ascend */
e'se f(m > 0.0) r=(in)(r1+m"%); /* descend*/
VidPutAtr(WHITE<<4IBLUE.r,c.r0.c);
}/* end for "%/
}/** end else **/
}/** end for*/
retumn G;
}/*** end function int draw_ profiie(...) "/

/alo¢.¢00¢¢00'00oQ.c&;.ooa SOU.'C€ flle: E\{NTSORT.C LT XX 2] ooo"..lio.ooo'ool)‘

#include “ait.h”
#include <search.h>

int sort_evenis{struct input_profre_struct *p)
{
gsort( {(void *)p->event, (s:ze_t)p->nun:_events.
sizect( struct event_struct ),
compare_event_dates);

130




ADA294006

}

int compare_event_dates( struct event_struct "eventt,
struct event_struct *event2 )
{

if( event1->day1 > event2->day1)
return 1;

else if( event1->dayt < event2->day1)
retun -1;

else
retlum O,
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The lengthy source code for the functions comprising the cold and heat stress
modules is not included but is available upon request from the author.
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